





LIBRARY 


OP 

ILLUSTRATED 

STANDARD SCIENTIFIC WORKS. 


VOL. VITI. 



ELEMENTS OF CHEMISTRY. 

VOL. I. 


LONDON: 

HIPPOLYTE BAILLIERE, PUBLISHER, 

219, REGENT STREET. 


1860. 




ELEMENTS 


CHEMISTRY; 

INCIitJDINa THE 

APPLICATIONS OF THE SCIENCE IN THE ARTS. 


BY 

THOMAS GRAHAM, F.R.S. 

COEEESrONDTNG MEMBKU OE THE INSTITUTE OF FRANCE ; 
nCE-PUESIDENT OF THE CHEMICAli SOCIETY ; 
lIONORAlir FEIjXOW of TUB IlOYAt SOCIETY OF EUINBUllGH ; 

COItlX AIEMUEB OF THE ROYAL ACADEMIES OF SCIENCES OF BERLIN AND MUNICH, 
OF TUB NATIONAL INSTITUTE OF WASUINGTON, ETC. ; 

AND PllOFESSOU OF CHEMISTRY IN UNIVERSITY COLLEGE, LONDON. 


SECOND EDITION, 

ENTIRELY REVISED AND GREATLY ENLARGED; 

WITH ADDITIONAL WOOD-ENGRAVINGS. 


IN TWO VOLUMES. 

VoL. I. ^ 


LONDON; 

HIPPOLYTE BATLLIERE, 219, REGENT STREET, 

AND 169, EDLTON STREET, NEW YORK, U. S. 

PARIS: J.-B. BAILLIERE, RUE HAUTEFEUILLE. 
MADRID: BAILLY-BAILLIERE, CALLE DEL PRINCIPE. 


1850. 



Wilson and Ogilvy, fl7i Skjnnkh Strblt, Snowhfll, I.ondon. 



PREFACE 


TO THE SECOND EDITION. 


(VOL. I.) 


Ip the Inorganic (lepartmcnt of chemistry has not recently been ex- 
paiiflcd in the same vast proportion as the Organic branch of the 
science, still the former has been far from stationary of late years. 
The advance (observed is partly in the old direction of enlarging the 
list of elements, partly and more conspicuously in supplying deficient 
members to familiar series of compounds, and in thus enlarging these 
series,—as in the compounds of chlorine with oxygen, and of sulphur 
with oxygen. But the most important feature in the recent progress 
of Inorganic Chemistry has been the rigorous verification which 
numerical data of all kinds have received, whether relating to physi¬ 
cal laws, such as the specific heat of substances, or to chemical pro¬ 
perties and composition. The statement of properties and relations 
has thus acquired a fulness and precision for many substances, which 
contrasts strongly with the history that could be offered of the same 
substances even but a very few years ago. This correction and re¬ 
vision of every minute branch of the science was never, indeed, more 
general and rapid than at the present time. The enlarged means of 
practical instruction in chemistry, now everywhere provided for the 
student, and the consequent increase in the number of able investi¬ 
gators, have no doubt contributed much to this result. 

Progress of this description cannot fail to effect the theoretical 
views of chemists, and to promote sound conclusions by affording an 
extended and safe foundation for reasoning, in a body of well esta¬ 
blished facts. It must be admitted that the fundamental views re- 
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specting the constitution of salts are at present in a state of transi¬ 
tion, but the great questions of chemical theory, if not yet solved, 
have at least been correctly enunciated, and a general assent obtained 
to the facts upon which they rest. 

In preparing a new edition of his Elements of Chemistry, the 
Author has incorporated much new and accurate information with the 
old, while he has endeavoured to give to both the space and the measure 
of importance which their true value demanded. In such a work, 
judicious selection of matter is as necessary as careful condensation, 
while the grounds of the selection are changed with the shifting 
point of view from which, in a progressive science, the retrospect is 
taken. 

The important bearings of the laws of Heat, particularly in 
reference to the physical condition of matter, have led to their con¬ 
sideration before the chemical properties of substances, in this as in 
most other elementary treatises on chemistry. Light is tlien shortly 
considered, chiefly in reference to its chemical relations. The prin¬ 
ciples of its Nomenclature, in which, comjxired with many sciences, 
chemistry has been highly fortunate, arc then explained, together 
with the symbolical notation and chemical formulm in use, by means 
of which the composition of highly compound bodies is expressed 
with the same palpable distinctness which, in arithmetic, attends the 
use of figures, in the place of words, for the exprcission of numerical 
sums. 

. A considerable, section of the present volume is then devoted to 
the consideration of the fundamental doctrines of chemistry, under 
the heads of combining proportions, atomic theory, doctrine of 
volumes, isomorphism, isomerism, constitution of salts, cliemical 
affinity and polarity, including the propagation of affinity through 
metallic and saline media, in the voltaic circle, wdtli the new subj(;ct 
of the atomic volume of solids. 

The materials of the inorganic world are then described under two 
great divisions of non-metallic elements and their compounds, and 
metallic elements and their compounds. 

University College, London, 

September 1850. 
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CHAPTER 1. 


HEAT. 

The objects of the material world are altered in their properties by 
heat in a very remarkable maimer. The conversion of ice into water, 
and of water into vapour, by the application of heat, affords a familiar 
illustration of the effect of this agent in changing the condition of 
bodies. All other material substances are equally under its influence ; 
and it gives rise to numerous and varied phenomena, demanding the 
attention of the chemical inquirer. 

Heat is very readily communicated from one body to another; 
so that when hot and cold bodies are placed near each other, they 
speedily attain the same temperature. The obvious transference of 
heat in such circumstances impresses the idea that it possesses a sub¬ 
stantial existence, and is not merely a quality of bodies, like colour 
or weight; and when thus considered as a material substance, it has 
received the name caloric. It would be injudicious, however, to enter 
at present into any speculation on the nature of heat; it is sufficient to 
remark that it differs from matter, as usually conceived, in several 
respects. Our knowledge of heat is limited to the different effects 
which it produces upon bodies, and the mode of its transmission; 
and th^e subjects may be considered without reference to any 
theory of the nature of tins agent. 

The subject of Heat will be treated of under the following heads : 

1. Expansion, the most general eff ect of heat, and the Thermometer. 

2. Specific heat. 


B 
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3. The pp]jQ^umeatipn,Miheiat and Radiation. 

4. Liquefaction; ,as i||n ^ect of heat. 

5. Yapoiizatioii^ or ifec ^a ^eotfe an effect of heat. 

6. Speculative notions respecting the nature of heat. 


EXPANSION AND THE THEEMOMETEll. 

All bodies in nature, solids, liquids, or gases, suffer a temporal^ 
increase of dimension when heated, and contract again into their 
original volimie on cooling. 

1. Expatision of solids .—^The expansion of solid bodies, such as 
the metals, is by no means considerable, but may reiulily be made 
sensible. A bar of iron which fits easily when cold into a gauge, will 
be found, on heating it to redness, to* have increased sensibly both 
in length and tliickness. The expansion and contraction of metals, 
indeed, and the immense force with wliich these changes take place, 
are matters of familiar observation, and are often made available 
in the arts. Tlie iron hoops of carriage wheels, for instance, are 
applied to the frame while tliey are red hot, and in a state of 
expansion, and being then suddenly cooled by dashing water upon 
them, they contract and bind the wood-work of the wheel with great 
force. The expansion of solids, however, is very small, and requires 
nice measurement to ascertain its amount. The expansion in length 
only has generally been determined, but it must always be remem¬ 
bered that the body expands also in its other dimensions in an 
equal proportion. The first general fact observable is, tJiat tlie 
amount of dilatation by heat is different in diflerent bodies. No 
two solids expand alike. The metals expand most, and their rates 
of expansion are best known. Rods of the undermentioned sub¬ 
stances, on being heated from the freezing to the boiling point of 
water, elongate as follows ;— 


Zinc (cast) 

. 1 

on 

323 

Zinc (sbeet) 

. 1 


.340 

Lead 

. 1 

«< 

351 

Tin 

. 1 

44 

516 

Silver 

. 1 

44 

524 

Copper 

. 1 

44 

581 

Brass 

. 1 

14 

584 


Pure Gold 

1 

on 

682 

Iron Wire 

1 

44 

812 

Palladium 

1 

44 

1000 

Glass without lead . 

1 

44 

1142 

Platinum 

1 

44 

1167 

Flint glass 

1 

44 

1248 

Black tDarble(Lucullite) 

1 

44 

2833 


This is the increase which these bodies sustain in length. Tlieir 
increase in general bulk is about three times greater. Thus, if 
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glass elongates 1 part in 1S48 from the freezing to the boiling point 
of water, it will dilate in cubic capacity 3 parts in 1248, or 1 part in 
416. The expanded bodies return to their original dimensions on 
cooling. Wood does not expand much in length; hence it is 
occasionally used as a pendulum rod. For the same reason a slip 
of marble, of the variety mentioned in the preceding table, was 
employed for that purpose, in constructing the clock of the Eoyal 
Society of Edinburgh. Glass without lead expands by the table 
TtW part, while the metal platinum expands very little less, 
(ttVt)* Hence the possibility of cementing glass and platinum 
together, as is done in many chemical instruments. Other metals 
pushed tliTougli the glass when it is red hot and soft, shrink after¬ 
wards so much more than glass on cooling, as to separate from it, 
and become loose. Zinc is the most expansible of the metals; it 
expands nearly four times more than platinum from the same heat. 
But ice, of which the contraction by cold lias been observed for 30 or 
40 degrees under the freezing point, proves to be more dilatable even 
thfA the metals, the rate of this solid being in the proportion Of 
jfffrth part, while that of zinc is sitrd part oidy.* 

The most important discovery, in a theoretical point of view, that 
has been made on the subject of the dilatation of solids by heat, is the 
observation of Professor Mitscherhch, of Berlin, that the angles of 
some crystals are affected by changes of temperature. This proves that 
some solids in the crystalline form do not expand uniformly, but more 
in one direction than in another. Indeed, Mitscherhch has shown 
that while a crystal is expanding in length by heat, it may actually be 
contracting at the same time in another dimension. An angle of 
rhomboidal calcareous spar alters eight and a liaT minutes of a degree 
between the freezing and boiling points of water. But tliis unequal 
expansion does not occur in crystals of which all the sides and angles 
are alike, as the cube, the regular octohedron, the rhomboidal 
dodecahedron. In investigating the laws of expansion among solids, 
it is advisable, therefore, to make choice of crystallized bodies. For, 
in a substance not regularly ciystallized, the expansion of diflhrent 
specimens may not be precisely the same, as the internal structure 
may be different. Hence the expansions of the same substance, as 
given by different experimenters, do not always exactly correspond. 
The same glass has been observed to dilate more when in the form of 
a solid rod, than in that of a tube; and the numerous experiments 


♦ Brunner (fils), Annales de Chimie et de Physique, 3 sdrie, tome 14, p. 377, 
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on uncrystallized bodies, which we possess, have afforded no gronnd 
for general deductions. 

It has been further observed, that the same solid is more expansible 
at high than at low temperatures, altlipugh the increase in the rate of 
expansion is in general not considerable. Tims, if we mark the 
progress of the dilatation of a bar of iron under a graduated heat, we 
find that’the increase in dimension is greater for one degree of heat 
near the boiUiig point of water, than for one degree near its freezing 
point. Solids are observed to expand at an accelerated rate, in 
particular, when heated up to near their fusing points. The cohe¬ 
sion or attraction wliich subsists between the particles of a solid is 
supposed to resist the expansive power of heat. But many solids 
become less tenacious, or soften before melting, which may account 
for their increasing expansibility. Platinum is the most uniform in 
its expansions of the metals. 

Such changes in bulk, from variations in temperature, take place 
with irresistible force. Tliis is well illustrated in an experiment, 
wliich was first made upon a gallery in the Museum of Arts and 
Manufactures in Paris, in order to preserve it, and has been success¬ 
fully repeated in many other buildings. The opposite walls of the 
edifice referred to were bulging outu'ards, from the pressure of the 
floors and roof, which endangered its stability. By the directions of 
an ingenious mechanic, stout iron rods were laid across the building, 
with their ex.tremities projecting through the opposite walls so as to 
bind them together. Hidf the number of the rods were then strongly 
heated by means of lamps, and, when in an expanded condition, a 
disc on cither extremity of each rod was screwed firmly up against 
the external surface of the wall. On afterwards allowing the rods to 
cool, they contracted, and drew the walls to which they were attached 
somewhat nearer together. The process was several times repeated, 
tiU the walls were restored to a perpendicular position. 

The force of expansion always requires to be attended to in the 
arts, when iron is combined in any structure with less expansible 
materials. The cope-stones of walls are sometimes held together 
with clamps, or bars of iron: such bars, if of cast iron, which is 
brittle, often break on the first frost, from a tendency to contract 
more tlian the stone will permit; if of malleable iron, they generally 
crush the stone, and loosen themselves in ifleir sockets. When cast 
iron pipes are employed to conduct hot air or steam through a 
factory, they are never allowed to abut against a wall or an obshmle 
which they might in expanding overturn. Lead, from its extreme 
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softness, is permanently expanded when repeatedly heated; a waste 
steam pipe of that metal being elongated several inches in a few weeks. 

A compound bar, made by riveting or soldering' together two 
thin plates of copper and platinum, aJEfords a good illustration of 
unequal expansion by heat. The copper plate, being much more 
expansible than platinum, the bar is bent upon the apphcation of 
heat to it; and in such a manner, that the copper is on the outside 
of the curve. It may easily be conceived, that by a proper attention 
to the expansions of the metals of which it is composed, a bar of 
this kind might be so constructed, that although it was heated and 
expanded, its extreme points should always remain at the same 
distance from each other, the lengthening being compensated for by 
the bending. The balance-wheels of chronometers are preserved 
invariable ip. their diameters, at aU temperatures, by a .contrivance 
of this kind. It lias also been applied to the construction of a 
thermometer of solid materials—^that of Breguet. 

When hot water is suddenly poured upon a tliick plate of glass, 
the upper surface is heated and expanded before the heat penetrates 
to the lower surface of the plate. There is here mj^ual expansion, 
as in the slip of copper and platinum. The glass tends to bend, 
with the hot and expanded surface on the outside of the curve, but 
is broken from its want of flexibility. The occurrence of such frac¬ 
tures is best avoided by applying heat to glass vessels in a gradual 
manner, so as to occasion no great inequality of expansion; or by 
using very thin vessels, through the substance of which heat is rapidly 
transmitted. 

This effect of heat on glass may by a little address be turned to 
advantage. Watch-glasses are cut out of a tlun globe of glass, by 
conducting a crack in a proper direction, by means of an iron rod, or 
piece of tobacco pipe, heated to redness. Glass vessels damaged in 
the laboratory may often be divided in the same manner, and still 
made available for useful purposes. 

Both cast iron and glass are peculiarly liable to accidents from 
unequal expansion, when in the state of flat plates. Plate glass, 
indeed, can never be heated without risk of its breaking. The flat 
iron plates placed across chimneys as dampers, are also very apt to split' 
when they become hoV and much inconvenience has often been 
experienced in manufactraes from this cause. A slight curvature in 
their form has been found to protect them most effectually. 

Expansion of liquids .—In liquids the expansive force of heat 
is little resisted by cohesive attraction, and is much more considerable 
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than in solids. This fact is strikingly exhibited by filling the bnlb 
and part of the stem of a common thermometer tube with a liquid, and 
applying heat’ to it. The liquid is seen immediately to mount in 
the tube. 

' The first law, in the case of liquids, is that some expand much 
more considerably by heat than others. Thus, on being heated to 
the same extent, namely, from the freezing to the boiling point of 
water— 

Spirit of wine expand that is, 9 meastiresbecome 10 

Fixed oils . . . “ 12 *' 13 

Water . . . “ 22-76 “ 23-76 

Mercury 

Spirit of wine is, therefore, six times more expansible by heat 
than mercury is. The difference in the heat of the seasons affects 
sensibly the bulk of spirits. In the height of summer spirits \dll 
measure 5 per cent, more than in the depth of winter. 

The new liquids produced by the condensation of gases appear to 
be characterized by an extraordinary dUatability. M. Tliilorier has 
observed, that fl^id carbonic acid is more expansible by heat than air 
itself j heated from 32° to 86°, twenty volumes of this liquid increase 
to twenty-nine, which is a dilatation four times greater than is pro¬ 
duced in air, by the same change of temperature.* Mr. Kemp 
extended this observation to liquid sulphurous acid and cyanogen, 
which, although not possessing the excessive dilatability of liquid 
carbonic acid, are still greatly more expansible than ordinary liquids. 
Sir D. Brewster had several years before discovered certain fluids 
in the minute cavities of to]>az and quartz, wliich seemed to bear 
‘no analogy to any other then known liquid in their extraordinary 
dilatability. They dt) not appear to have been entirely liquefied 
gases, but probably were so in part.t 

A singular correspondence has been observed, by M. Gay-Lussac, J 
between two particular liquids—alcohol and bisulphuret of carbon, 
in the amount of their expansion by heat: although each of these 
li(;[uids has a peculiar temperature at which it boils— 

Alcohol at.173° 

Sulphuret of carbon at . 116° 

still the ratios of expansions from the ad^ion, and of contraction 

* Annalea de Chimie et de Physique, 3 a^rie, t. 60, p. 427. 
f Edinburgh Phil. Trans. toI. x. p. 11, 1824. Also vol. xvi. p. 11, 1845. 
t Ann. de Chimie, 2 s^rle, t. 2. 
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from the loss of heat, are found to be uniformly the same in these two 
liquids, compared at the same distance from their respective boiling 
points. A similar relation has lately been observed by M, Isidore 
Pierre, between the bromide of ethyl and bromide of methyl, and 
between the iodide of ethyl and iodide of methyl, which does not 
appear to exist between a pair of isomeric bodies, which were also 
compared,—namely, the formiate of oxide of ethyl and the acetate of 
oxide of methyl. The observations made with this view on four 
different groups of liquids, including those mentioned, are thus 
exhibited, the degrees of temperature being of Pahrmiheit’s 
scale* :— 


C0NTB.ACT10N OF LIQUIDS FROM THIS BOILING POINT (pIBRRk). 


NAMES OF THE 
LIQUIDS. 

BOILING 

FOINT, 

TEMPERATURES 
equidistant from 
the boiling point 
for each group. 

interval 
between the 
two preced¬ 
ing tempe¬ 
ratures. 

VOLUME 
at boiling 
point. 

VOLUMES 
at the equi¬ 
distant t^- 
peratures. 

I. GROUP. 






Sulphuret of carbon 

118*22° 

— 22*72° 

140*94° 

. 1 

0*913099 

Alcohol. 

172*94° 

32° 

140*94° 

I 

0*914452 

Wood'Spirit . . . 

151*34° 

-10*4° 

140*94° 

1 

0*905819 

II. GROUP. 






Bromide of ethyl . 

105*26° 

32° 

73*26° 

1 

0*944375 

Bromide of methyl 

55*4° 

— 17*86° 

73*26° 

1 

0-944575 

III. GROUP. ' 






Iodide of ethyl . . 

158° 

32° 

126° 

1 

0*918704 

lodid{[^ of methyl . 

110*84° 

— 15*16° 

126° 

1 

0*916643 

IV. GROUP. 






Formiate of oxide ) 
of ethyl . . S 

127*22° 

— 20*12° 

107*1° 

1 

0*910223 

Acetate of oxide r 
of methyl . ( 

139*10° 

—15*8° 

32® 

1071° 

1 

0*918750 


I have only to add the following results obtained by M. Muncke, 
of St. Petersburght;— 

EXPANSION OF LIQUIDS, VOLUME AT 32® FABB. BEING 1. 

Solution of ammonia (sp. gr. 0‘9465) ... 1*0198310 at 113'^ (45° Centig.) 

Hydrochloric acid (ap. gr. 1*1978.) ... 1*0253598 “ “ 

Nitric acid (sp. gr. 1*4405) . 1*0479512 “ “ 

“ “ . 1*1148853 at 212° (100° Centig.) 

♦ 

* M. Pierre has also examined the dilatations of water, oxide o£ ethyl (ether), aiid 
chloride of ethyl. The results he has already published are the most exact and valuable 
we possess on the subject of tlie dilatation of liquids; and he is proceeding wjth his 
experiments. Ann. de Chimie, &c., 3 s^rie, t. 15, p. 325. 1845. 

t See the Handworterbuch der Chemie of Liebig, Poggendorff, and Wohler, vol. i. 
p. 632 i article Ausdehnung (Dilatation). 
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Salpharic add (gp. pr. 1.836) 1*0578495 at 2129 (100° Centig.) 

“ 1*1388577 at 446° (230° Centig.) 

Rectified petroleum (sp. gr. 0*7813) 1*1060059 at 203° (95° Centig.) 

Almond oil 1*0787005 at 212° (100° Centig.) 


. The second law is, that liquids are progressively more expansible 
at higher than at low<^ temperatures. This is less the case with 
mercury, perhaps, than with any other liquid. The expansions of 
that liquid are, indeed, so uniform, as to render it extremely proper 
for the construction of the thermometer, as will afterwards appear. 
The rate of expansion of mercury was determined with extraordi- 
naiy care by Dulong and Petit. 

From 0° to 100° Ceatigradci mercury expands 1 measure on 55^ 

“ 100° “ 200° “ “ “ 1 " 54d 

** 200° “ 300° “ " “ 1 “ 53 


Fiq. 1. 





According to the same experimenters, the expansion of mercury, 
confined in glass tubes, is only 1 on 64-8. The dilatation of the 
glass causes the capacity of the instrument to be enlarged, so that the 
whole expansion of the mercury is not indicated. The only mode 
in which the error 
introduced by the 
expansion of the 
enclosing vessel 
can be avoided, iu 
ascertainingthe ex¬ 
pansion of liquids, 
is that practised by 
Dulong and Petit: 
namely, heating the liquid in one limb of a syphon (see fig. 1), and 
observing how high it rises above the level of the same liquid in the 
other limb, kept at a constant temperature. Tlie columns of course 
balance each other, and the shorter column of dense fluid supports 
a longer column of dilated fluid. AJI other modes of obtaining the 
absolute expansions of liquids are fallacious. 

No progress has yet been made in discovering the law by 
wliich expansions of liquids are regulated j for the complicated 
mathematical formulae of Biot, Dr. Young, and others, are mere 
general expressions for these expansions, which proceed .upon no 
ascertained physical principle. Some theory must be formed of 
the constitution of liquids, before we can hope to account for their 
expansions. 
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Count Emnford ascertained the contraction of water for eveiy 
degrees, in cooling from ZIZF to 82°. The results are as follows :— 

2000 measures of water contract— 

'In cooling 22^ degrees, or from 219° to 189J° 18 measures. 

189^ 167 16-2 

167 144J 13-8 

144^ 122, 11-5 

122 99j 9*3 

99^ 77 7*1 

77 54^ 3*9 

54^ 32 0*2 

The expansion of water by heat is subject to a remarkable pecu¬ 
liarity, which occasions it to be extremely irregular, and demands 
special notice. This liquid, in a certain range of temperature, becomes 
an exception to the very general law tliat bodies expand by heat. 
When heat is applied to ice-cold water, or water at the temperature 
of 32°, this liquid, instead of expanding, contracts by every addition 
of heat, till its temperature rises to 40°, at 
or very near which temperature water is as Fio. 2. 

dense as it can be. And, conversely, when 
water of the temperature of 40° is exposed 
to cold, it actually expands with the progress 
of the refrigeration. Water may, with caution, 
be cooled 20 or 25 degrees below its freeing 
point, in the fluid form, and still continue 
to expand. It is curious that tins Hquid, in 
a glass bulb, expands as nearly as possible 
to the same amount on each side of 40°> 
when either heated or cooled the same num¬ 
ber of degrees. Hence, when cooled to 36° 
it rises to the same point in the stem as 
when heated to 44° j at 32° it stands at the 
same point as at 48°j at 20°, at the same 
point as at 60°, temperatures (fig. 2), The 
expansion of water by cold, under 40°, is 
certainly not very great, being little more 
than 1 part in 10,000 at 32®; hence it 
was early suspected that it might be an 
illusion, from the contraction of the glass bulb (iu which the expe¬ 
riment was always made) forcing up the water in the stem. But 
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Fig. 4. 


Fig. 5. 
In cooling 
below 40°. 


aU grounds of objection on this score have been removed by the 
mode in which the experiment has subsequently been conducted, 
particularly in the researches of the late Dr. Hope, of Edinburgh, on 
this subject. 

Dr. Hope carried a deep glass jar, filled with water of the tempe¬ 
rature of 50°, into a very cold room; and having immersed two small 
thermometers in the water, one near the surface, and the other at 
the bottom of the jar, watched their indications as the cooling 
proceeded. The thermometer above indicated a temperature higher 
by several degrees than the thermometer below, till the tempera¬ 
ture fell to 40°, that is, the chilled water' fell as usual to the 
bottom of the jar, or became denser as it lost heat, as illustrated in 
fig. 3. At 40° the two thermometers were for some time steady, 
(fig. 4), but as the cooling proceeded beyond that point, the 
instrument in the 3 4. Fig. 5. 

higher situation indi- cooling In cooling 

Gated the lower tern- above 40°. below 40°. 

perature (fig. 5); or 
the water now as it 
became colder, became 
lighter, and rose to 
the top. A better de¬ 
monstration of the 
fact in question could not be devised. 

Great pains have been taken by several philosophers to determine 
the exact temperature of this turning point at which water possesses its 
m arinri nTn density. By the elaborate experiments of both HsUstrom 
. and of Munckemid Stampfer, as calculated by llullstrom, this point is 
39°‘3S, or 4‘’*1 Centigrade. Rudberg has more recently obtained 
4°-02 C., and Despretz 4° 00 C., or 39°-2 Eahr., the number now 
generally taken. Sir C. Blagden and Mr. Gilpin had made it 39°. 
Dr. Hope had estimated it at 39^°.* 

When salt is dissolved in water, the temperature of maximum 
density becomes lower and lower, in proportion to the quantity of salt 
in solution, and sinking below the freezing point of the liquid, the 
anomaly disappears. This is the reason why the property in question 
cannot be observed in sea water. 

There is a solid body which presents the only other known parallel 


* For tables of the volume of water at different temperatures, see Appendix 1. 
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case of progressive contraction by heat; this is Bose’s fusible metah 
which is an alloy of— 

2 parts by weight of Bismuth 
1 pairt '* ' “ “ Lead 

1 “ Tin. 

A bar of this metal expands progressively, like other bodies, till it. 
attains the temperature of 111°; it then rapidly contracts by the 
continued addition of heat, and at 156° attains its maximum density, 
occupying less space than it does at the freezing point of water. It 
afterwards progressively expands, melting at 201°. It may be re¬ 
marked, however, of this body, that it is a chemical compound, of a 
kind in which a change of constitution is very likely to occur from 
ft change in temperature; and that it cannot, therefore, be fairly 
compared with water. 

The dilatation which water undergoes below 89° has been supposed 
to be connected with its sudden increase in volume in freezing, for 
ice is lighter than water, bulk for bulk, in the proportion of 92 to 
100. The water, it is said, may begin to pass partially into the solid 
form at 39°, although the change is not complete tiU the temperature 
sinks to 32°. But such an assumption is altogether gratuitous, and 
improbable in the extreme. 

The extraordinary irregularity in the dilatation of water by heat is 
not only curious in itself, but also of the utmost consequence in the 
economy of ^|pare. When the cold sets in, the surface of our 
rivers and lakes is cooled by the contact of the cold air and other 
causes. The superficial water so cooled, sinks and gives place 
to warmer water from below, which, chilled in its turn, sinks 
ill like manner. The progress of cooling in the lake goes on with • 
considerable rapidity, so long as the cold water descends and exposes 
tliat not hitherto cooled. But this circulationy wdiich accelerates 
the cooling of a mass of water in so extraordinary a degree, ceases 
entirely when the whole water lias been cooled down to the tempera¬ 
ture of 40°, which is still 8 degrees above the freezing point. There¬ 
after the chilled surface water expands as it loses its heat, and remains 
at the top, from its lightness, while the cold is very imperfectly 
propagated downwards. The surface in the end freezes, and the ice 
may tliicken, but at the depth of a few feet the temperature is not 
under 40°, which is high when compared with that frequently ex- 
yierienced, even in this climate, during winter. 

If water continued to become heavier, until it arrived at the 
freezing temperature, the whole of it would be cooled to tliat point 
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before ice began to be formed; and the consequence would be^ that 
the whole body of water would rapidly be converted into ice, to the 
destruction of every being that inhabits it. Our warmest summers 
would make but little impression upon such masses of ice; and the 
cheerful climate, which we at present enjoy, would be less comfortable 
than the frozen regions of the pole. Upon such delicate and beautiful 
adjustments do the order and harmony of the universe depend. 

Expansion of gases .—The expansion by heat in the diflereiit 
forms of matter is exceedingly various. 

By being heated from 32° to 212°, 

1000 cubic inches of iron become 1001 
^ 1000 water “ 1045 , 

1000 “ air *• 1366. 

Gases are, therefore, more expansible by heat than matter in tht^ 
other two conditions of liquid and solid. The reason is, tliat the 
particles of air or gas, far from being under the influence of cohesive 
attraction, like solids or liquids, are actuated by a powerful repulsion 
for each other. The addition of heat mightily enliances this repul¬ 
sive tendency, and causes great dilatation. 

The rate of the expansion of air and gases from increase of tem¬ 
perature, was long involved in considerable uncertainty. This arose 
from the neglect of the early experimenters to dry the air or gas 
upon which they operated. The presence of a littl^H^tej by rising 
in the state of steam into the gas, on the application of heat, occa¬ 
sioned great and irregular expansions. But in 1801, the law of the 
dilatation of gases was discovered by M. Gay-Lussac, of Paris, and 
by our countryman. Dr. Dalton, independently of each other. It was 
discovered by these philosophers that all gases experience the same 
increase in volume by the application of the same degree of heat, and 
that the rate of expansion continues uniform at all temperatures. 

Dr, Dalton confined a small portion of dry air over mercury in a 
graduated tube. He marked the quantity by the scale, and the 
temperature by the thermometer. He then placed the whole in 
circumstances where it was uniformly heated up to a certain tempera¬ 
ture, and observed the expansion. Gay-Lussac's apparatus was 
more complicated, but calculated to give very precise results. He 
found that 1000 volumes of air, on being heated from 32° to 212°, 
become 1375, which agreed veiy closely with Dalton's result. The 
expansion was lately corrected by Budberg, who found that 1000 
volumes of air expand to 1365. 
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The still more recent and exact researches of Magnus and of Reg- 
nault give as the expansion of air from 32° to 212®, or -§4 of 

its volume at 32°. The dilatation for every degree Fahrenheit is 
0*002036 (Regnault); or tiiVt PfO't. 

It follows, consequently, that air at the freezing point expands 
pint of its bulk for every added degree of heat on Fahrenheit's 
scale; that is— 


491 cubic inches of air ut 32° become 

492 “ 33° 

498 “ 34°, &c. 

increasing one cubic inch for every degree. A contraction of one 
cubic inch occurs for every degree below 32°. 

491 cubic inches of air at 32° become 


490 


31° 

489 

<< 

30° 

488 

<< 

29°, &c. 


We can easily deduce, from this law, the expansion wliich a certain 
volume of gas at a given temperature will undergo, by heating it up 
to any particular tempera,turc; or the contraction that will result 
from cooling.* Air, of the temperature of freezing water, has its 
volume doubly when heated 491 degrees, and when heated 982 
degrees, of twice as intensely, its volume is tripled, which is the 
effect o| a low red heat. 

A shght deviation from exact uniformity in the expansion of 
different gases was established by the rigorous experiments of both 
Magnus t and Regnault. J The more casdy liquefied gases, wliich 
exliibit a sensible departure from the law of Mariotte, are more 
expansible by heat than air, as will appear by the following 
table:— 


* As 491 cubic inches of air at 32° become 459 cubic inches at 0^, air may be 
stated to expand :^I-ifth part of its volume at the zero of Fahrenheit for each degree. 
That is, '459 volumes of air at 0° become at 50°, 459 4- 50 volumes, or 509 volumes ; 
at 60°, 459 + 60 volumes, or 519 volumes. Hence the expansion of 100 voldmes of 
air from 50° to 60° is obtained by the proportion— 

Meas. at 50°. Meas. at 60°. - Meas. at 50°. Meas. at 60°. 

509 ; 519 :: 100 : 101*96 

t Magnus, Ann. de Chimie, &c. 3 serie, t. 4, p. 330 ; et t. 6, p. 353. 
t Regnault, ibid. t,. 4, p. 5 ; et t. 6, p. 370. 
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Names of the gases. 


Expansion upon 1 volume from 
32° to 212°. 



Rbgnaolt. 

Magnus. 

Atmospheric air 

0-36650 ... 

.. 0-366508 

Hydrogen ... 

0-36678 ... 

... 0-365659 

Carbonic acid 

0-36896 ... 

... 0-369087 

Sulphurous acid 

0-36696 ...- 

... 0-385618 

Nitrogen ... ... ^ 

0-36682 


Nitrous oxide 

0-36763 


Carbonic oxide 

0-36667 


Cyanogen 

0-36821 


Hydrochloric acid 

0-36812 



The expansion is also found to be sensibly greater Avhen the gas 
is- in a compressed than when in a rare state ; and tlu^ results above 
strictly apply only to the g-ases imder tlie atinos]}heric pressure. 


THE THERMOME'I’Klt, 

An instrument for indicating variations in the intensity of heat, or 
degrees of temperature?, by their effect in expanding some body, Avas 
invented more than two centuries ago, and has received successive 
improvements. 

The expansions of solids are too minute to be easily measured, and 
cannot, therefore, be conveniently applied to mark degrees of lieat. 
Air and gases, on the other hand, are so much dilated by a slight 
increase of heat, that they arc mit calculated for ordiiiary purposes. 
The first thermometer constructed, however, that of Suiictorio, was 
an air one. A glass tube, open at one end, with ^ ^ 

a bulb blowm upon tlie otlicr (fig. 0), was slightly 
heated, so as to expel a portion of the air from it, ) 

and then the open end of tlie tube was dij>ped 
under the surface of a coloured fluitl, vliich was 
allowed to rise into the tube, as the air cooled and 
contracted. \Mien lieat, the heat of the hand for 
instance, is aji^died to the bulb, tlie air in it is 
expanded, and depresses the column of coloured 
fluid in the tube. A useful modification of the air 
thermometer, for researches of gn at delicacy, was 
contrived by Sir John Leslie, under the name of 
the DifTerential Thermometer. In this instrument two close bulb.s 
are coimectcil by a syphon containing a coloured liquid (fig. 7). 
If both bulbs be equally heated, the air in eacli is ecpuiUy ex])aiided, 
and tlie liquid between them remains stationary. Jlut if the upper 
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bulb only be heated, then the air in that bulb is expanded, and the 
column of liquid depressed. It is, therefore, the difference of tem¬ 
perature between the two bulbs which is indicated. 

But liquids fortunately are intermediate in their expansions 
between solids and gases, and when contained in a glass vessel of a 
proper form, the changes of bulk wliich they undergo can be indi¬ 
cated to any degree of precision. * 

A hollow glass stem or tube is selected, the calibre or bore of 
which may be of any convenient size, but must be uniform, or not 
wider at one i)lace than another. Tubes of very narrow bore, and 
which are called capillaryy the bore being like a hair in magnitude, 
are now alone employed. Such tubes are made by rapidly dra\idng 
out a hollow mass of ghiss while soft and ductile under the influence 
of heat. The central cavity stiH continues, becoming the bore of the 
tube, and would not cease to exist although the tube were drawn out 
into the finest tliread. From the mode in which capillary tubes are 
made, their equality of bore, and suitableness for thermometers, 
cannot always be depended upon. The bore is frequently conical, or 
wider at one end than at the other. It is tested by drawing up 
into the tube a little mercury, as much as fills a few lines of the 
cavity. The little column is then moved progressively along the 
tube, and its length accurately measured, at every stage, by a pair of 
compasses. The column will measure the same in every part of the 
tube, provided the bore does not alter. Not more thafl one-sixth 
part of the tubes made arc found to possess this requisite. 

Satisfied with the regularity of the bore, the thermometer-maker 
softens one extremity of the tube, and blows a ball upon it. This is 
not done by the mouth, which w^ould moisten the interior, by intro¬ 
ducing watery vapour, but by means of an clastic bag of caoutchouc, 
wliich is fitted to the open end of the tube. He then marks off the 
length wdiieh the thermometer ought to have, and above that point 
expands the tube into a second bulb a little larger than the first. It 
lias then the form of fig. 8. After cooling, the open extremity 

of the tube is plunged into 
distilled and well-boiled 
mercury, and one of the 
bulbs heated so as to expel 
air from it. During the 
cooling, the mcrcm*y is 
drawn up and rises into 
the ball a. It is made to 


Fig. 8. 
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pass from thence • into the ball h, by turning the instrument, 
so that h is undermost, and then expelling the air from that bulb 
by applying heat to it, after which the mercuiy descends^ from 
the effect of cooling. The ball J, being entirely filled with mer¬ 
cury, and a portion left in a, the tube is supported by an iron 
wire, as represented in the figure, over a charcoal fire, where it is 
heated throughout its whole length, so ^is to boil the mercury, 
the vapour of wliich drives out all the air and humidity, and 
the' balls contain at the end nothing but the metal and its 
vapour. The open end of the tube, wliich must not be too hot, 
is then touched with sealing-wax, which is drawn into the tube 
on melting, and solidifies there on protecting that end of the tube 
from the heat. That being done, the thermometer is immediately 
Muthdrawn from the fire, and being held with the end sealed with 
wax uppermost, during the cooling the ball and the portion 
of the tube below the ball «, are filled with mercury. After cool¬ 
ing, the instrument is inclined a little, and by warming the lower 
ball, a portion of mercury is expelled from it, so that the mercury 
may afterwards stand at a proper height in the tube when the instru¬ 
ment is cold. The tube is then melted with care by the blow-pipe 
flame below the ball a, and closed, or liermetically scaled, as in c. 
The thermometer is in this way properly fllled with mercury, and 
contains no air. 

We have now an instrument in which wc can nicely measure and 
compare any change in the bulk of the included fluid medal. Having 
previously made sure of the equality of the bore, it is evident that if 
the mercuiy swells up and rises two, three, four, or five inches in the 
tube, it has expanded twice, thrice, four, or five times more than if it 
had risen only one inch in the tube. By placing a graduated scale 
against the tube, wc can, therefore, learn tlie quantity of expansion 
by simple inspection. 

In order to have a fixed point on the scale, from whieli to begin 
counting the expansion of mercury by heat, we plunge the bulb of 
the thermometer into melting ice, and put a mark on the stem at the 
point to which the mercury falls. However frequently wc <lo so with 
the same instrument, we shall find that the mercury always falls to 
the same point. Tliis is, therefore, a fixed starting point. We 
obtain another fixed point by plunging the thermometer into boiling 
water. With certain precautions, this point will be found equally 
fixed on every repetition of the experiment. The most important 
of these precautions is, that the barometer be observed to stand at 
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30 inches*, when the boiling point is. taken. It will afterwards be 
explained that tlie boihiig point of water varies with the atmospheric 
pressure to which it is subject at the time. 

Thennometers wliich are properly closed, and contain no air, can 
be inverted without injury, and the mercury falls into the tube, pro¬ 
ducing a sound as water does in the water-hammer. When the 
instrument contains air, the thread of mercury is apt to divide on 
inversion, or from other circumstances. When tliis accident occurs, 
it is best remedied by attacliing a string to the upper end of the 
instrument, and whirling it round the head. The detached little 
column of mercury generally acquires in this way a centrifugal force, 
wliich enables it to pass the air, and rejoin the mercury in the bulb. 

When the glass of the bulb is tliin, it is proper to seal the tube as 
described, and to retain it for a few wrecks before marking upon it 
the fixed points. Thermornetei's, however carefully graduated at first, 
are found in a short time to stand above the mark in melting ice, uidess 
this precaution be attended to. Old instruments often err by as 
much as half a degree, or even a degree and a half, in this M^ay.t The 
eftect is supjiosed to arise from the pressure of the atmosphere upon 
the bulb, wliich, when not truly spherical, seems to yield slightly, 
and in a gradual manner. The chance of tliis defect may be avoided 
by giving the bulb a certain thickness. Mr. Crichton’s thermo¬ 
meters, of which the freezing point has not altered in forty years, 
were all made unusually thick in the glass. But this thickness has 
the disadvantage of diminisliing the sensibility of the instrument to 
the impression of heat. 

We have in this way the expansion miirked off on the tube, wliich 
takes place between the freezing and boiling points of water. On 
the thermometer which is used in this country, and called Fahren¬ 
heit’s, this space is subdivided into 180 equal parts, which are called 
<legrces. This division appears empirical, and difi'ereut reasons arc 
given M^hy it was originally adiqitcd. But as Falueiiheit, M'ho was an 
instrument-maker in Hamburgh, kejit his process for graduating 
thermometers a secret, we can only form conjectui-es as to what were 
the principles that guided him. 

* More exactly 29*92 inches, that is, 7GO.millimetres; the latter number being 
universally assumed on the continent as the standard height of the barometer. 

f Many thermometers cannot be heated 60 or 80 degrees, without a sensible 
displacement of the zero point, as remarked by Regnault (Ann. de Chimie, &c., t. G, 
p. 378), and by Is. Pierre (Ib. t. 5, p. 427 ; et t. 15, p. 332), who indicate the 
extraordinary precautions requisite in the construction of thermometers for accurate 
research. 

C 
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It is more convenient to divide the space between the freezing and 
boiling of water into 100 equal parts, which was done in the instru¬ 
ment of Celsius, a Swedish philosopher. This division was adopflfed at a 
later period in Trance, under the designation of the Centigrade scale, 
and is now generally used over the continent. The freezing point of 
water is called 0, or zero, and the boiling point 100 . But in our scale, 
the point is arbitrarily called 32®, or the 32nd degree; and conse¬ 
quently the boiling point is 32 added to ISO, or the 212th degree.* 
The sesde can easily be prolonged to any extent, above or below 
these points, by marking off equal lengths of the tube for 180 
degrees, either above or below the space first marked. The degrees of 
contraction below zero, or 0 °, arc marked by the minus sign (—), 
and called negative degrees, in order to distinguish them from degreiss 
of the same name above zero, or j)ositive degi’cies. Thus, 47° means 
the 47th degree above zero, —47°, the 47th degree under zero. 

The only other scale in use is that of Beauraur, in the north of 
Gennany. The expansion between the freeziTig and boiling of water 
is divided into 80 parts in this thermometer. Tlic relation between 
the tliree scales is illustrated in the following diagram. 

Fig. 9. Fig. 10. Fig. 11. The zero of OUT 

Fahrenheit's Centigrade Reaumur's 3 ^ ^t^grecs be- 

scale. scale. scale. o 

low the freezing point 
of water, and tlie ex¬ 
pansions of mercury 
are available in the 
thermometer from 
—39° to 000°; but 
about the latter de¬ 
gree, mercury rises in 
the tube in the state 
of vapour, so as to 
derange the indica- 
tion.s, and at about 
000 ° it boils, and can 
no longer be retained 
in the glass vessel; ' 
while at the former low point it freezes or becomes solid. For degrees 
of cold below the freezing point of mercury, w^c must be guided by 

♦ A simple rule may be given for converting Centigrade degrees into degrees 
Fahrenheit. 100 degrees Centigrade being equal to 180 degrees Fahrenheit, 
10 degrees C. = 18 degrees F., or 5 degrees C. = 9 degrees F.; multiply the 
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the contractions of alcohol or spirits of wine, a liquid which has not 
been frozen by any degree of cold we are capable of producing. 
There'is no reason, however, for believing that we have ever descended 
more than 160 or 170 degrees below zero of Fahrenheit. 

The zero of these scales has, therefore, no relation to the real zero 
of heat, or point at wliich bodies have lost aU heat. Of this point 
we know nothing, and there is no reason to suppose that we have 
ever approached it. The scale of temperature may be compared to a 
chain, extended both upwards and downwards beyond our sight. 
We fix upon a particular link, and count upwards and downwards 
from that link, and not from the beginning of the chain. 

The means of producing heat are much more at our command, but 
we have no measure of it, of easy application and admitted accuracy, 
above the boiling point of mercury. Eccourse has been had to 
the expansion of solids at high temperatures, and various pyro¬ 
meters, or measures of fire,^' have been proj)osed. Professor 
DanicU^s pyrometer is a valuable instrument of tliis kind, of wliich 



Centigrade degi'eea by 9, and divide by 5, and add 32. Thus to find the degree F. 
corresponding with 59° C. 50 

9 


5)450 

90 
add 32 

Or the 50° C. cori’csponds with the 122° F. 

For facility of reference a table of the corresponding degrees is given in Appendix II. 
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the indications result from the difference in the expansion by heat of 
an iron or platinum bar, and a tube of well-baked black-lead ware, 
in whieh the bar is contained. The metallic bar a is shorter than 
the tube, and a short plug of earthenware b is placed in the mouth of 
the tube above the iron bar, and so secured by a strap of platinum 
foil and a little wedge, tliat it slides with difficulty in the tube. By 
the expansion of the metallic bar, the plug of earthenware is pushed 
outwards, and remains in its new position after the contraction of the 
metallic bar on cooling. The expansion of the iron bar thus obtained, 
is measured by adapting to the instrument an index, c, which 
traverses a circular scale, before and after the earthenware plug has 
been moved outwards by the expansion of the metallic bar. Tlie 
degrees marked on the scale are in each instrument compared experi¬ 
mentally with tliose of tlic mercurial scale, and the ratio marked on 
the instrument, so that its degrees are convertible into those of 
Fahrenheit, (Pliilosophical Transactions, 1830-31.) An air thermo¬ 
meter, of which the bulb and tube were of metal, has also bei'.ii 
employed to explore high temperatures. In the old pyromc'ter of 
Wedgwood, the dogr< 5 e of heat was estimated by the permaiumt contrac¬ 
tion which is produced upon a pellet of pipe-clay; but the indications 
of this instrument arc fallacious, and it has long gone; out of use. 

The ap[)licability of the mercurial tliermomctcr to measure degr(;c.s 
of heat, depends upon two imjmrtant circumstances, Avliich involve 
the whole theory of the. instrument:— 

1st. Tlu; hollow glass ball, witli its fine tube of uuifonn hor(', is a 
nice lluid measure. Tlu* ball and ])fu’t of th(' stem laang filltMl with 
a fluid, the slightest change in tlie bulk of tlie fluid, which may arisen 
from the a])pUca,tion of heat or of cold to if, is conspicuously (exhibited 
by the rise orfaUof the fluid columti in tin; stem. No more delicate 
measure of the bulk of a 7 i included fluid could be devised. 

2 nd. It fortunately happens that the cxpausiotis of mercury, wliich 
can thus be measured so accurately, are pro])ortional to the quantities 
of heat wliich produce them. But the mode in whicli this is [)roved 
requires a little attention. Suppose wo had two reservoirs, one con¬ 
taining cold, and the other hot water. Plunge a therii|om(dric bulb 
containing mercury first into the cold water, and mark at what point 
in the stem the mercury stands. Then jdungc it into the hot water, 
and mark also the point to w^lfich the mercury now rises in the st<*.m. 
We can obviously make a heat which will be half way exactly between 
the hot and cold water, by taking the same; quantity of the hot and 
cold water, and mixing them together. Now, does this half heaf 
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produce a half expansion in mercury ? On trial we find that it does. 
In the mixture of equal parts of the hot and cold water, the mercury 
stands exactly half way between the marks, supposing the experiment 
to be conducted with the proper precautions. This proves that the 
dilatations of mercury are proportional to the intensity of the heat 
which produces them. In the mercurial thermometer, therefore, 
quantities or degrees of expansion may be taken to indicate quantities 
or degrees of heat; and that is the principle of the instrument. 

The same correspondence exists between the expansions of air and 
the quantities of heat wliich produce them. Indeed, in air, the 
correspondence is rigidly exact, while in mercury it is only a close 
approximation. Thus Dalong and Petit found that the boiling point 
of mercury was. 

As measured by mercury in a syphon .... 680° 

“ “ the air thermometer (true temp.) . . 662° 

“ “ mercury in glass (Mr. Crichton) . . 660° 


A short table exhibiting the increasing rate of the expansions of 
mercury has already been given, but glsiss expands in a ratio increasing 
quite as rapidly as this metal; so that the greater expansion of the 
mercury in tlio thermormjter at high temperatures is fortunately 
corre(;ted by the increasing ca})acity of the glass bulb.* 

Pixed oils and spirits of wine do not deviate far from uniformity 
in thi'ir expansions, at least at low temperatures, and therefore are 
sometimes used as thcrmomctric liquids. Spirit of wine thermometers, 
howevcT, are often found to vary 6 or 8 degrees from each other at 
temperatures so low as —30° or —40°. 

't'herinoractcrs have been devised which indicate the highest and 
lowest temperature wliich has occurred between two observations, or 
are self-registering. A thermometer, which was invented by 

Dr. Rutherford, is 



of this kind. This 
instrument consists. 


properly speaking, 
of two thcrinome- 
ters, one «, of spirit 
of‘wine, and the other, h, of mercury, whicli are phiced in the position 
represented in the figure, their stems being hori/iOntal. The thenno- 
meter b is intended In indicate the maximum temperature. It 
contains, in advance of the mercury, a short piece of iron wdre, wliich 



’1° In a note on the Comparison of the Air and Mercurial Thermometers; by 
M. Regnault. Annales de Chimie, &c. 3 scr. t. 6, p. 47Q. 
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tlie mercury carries forward with it in dilating, and which remains in 
its advanced position, marking the highest temperature that has 
occurred, when the mercury witlidraws. The minimum temperature 
is indicated by the spirit of wuiie thermometer a, wliich contains, 
immersed in the spirit, a small cylinder of ivory, which, by a slight 
inclination of the instrument, falls to the surface of the liquid without 
being able to pass out of it. Wlien the thermometer sinks, the ivory 
is carried back in the spirit;, but w^licn the temperature rises, the 
alcohol only advances, leaving the ivory where it was. Its extremity 
most distant from the bnlb then indicates the lowest temperature to 
which the thermometer had been exposed. Before another observa¬ 
tion is made, the ivory must be brought i>gain to the surface of the 
alcohol by a slight percussion of the instrument. 

Another self-registering instrument, knenvn in London as Six^s, 
has the great advantage over the preceding instrument of being 
much less liable to go out of order. It consists of one thermometer 
only (fig. 14), filled with colourless spirits of wine, having a large 
cylindrical bulb. The Hem is twice bent, pio, 14 . 

and contains a column of mercury, b, in the 
lower bend, which is in contact with the alcoliol, 
and advances or recedes with it. On {'ithcr 
side of this mercury tliere is placed a little 
iron cylinder, or index, c and /-/, wliicli has a 
fine hair projectiug from it, so as to press 
against the sides of the tube, and cause the 
cylinder to move with a little difficulty. These" 
iron cylinders, whicli have flattciidcd ends co¬ 
vered with a vitreous matter, are brought into 
contact with the mercury by means of a mag¬ 
net, and are pushed along by tlie column of 
mercury, when the latter is movtjd by the 
alcohol. The minimum temperature is in¬ 
dicated by (?, and the maximum by d. The 
tube is expanded at c, and scaled after filling 
that space partly with alcohol, for no other 
purpose than to facilitate the movement of the 
index, d. 

Our notions of the range of temperature 
acquire all their precision from the use of the 
thermometer. Cold, for instance, is allowed a 
substantial existence, as well as heat, in popular language. What is 
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cold? it is the absence of heat, as darkness is the absence of light. 
The absence of heat, however, is never complete, but only partial. 
Water, after it is frozen into ice, cold as it is in relation to our bodies, 
has not lost aU its heat, for it is easy to cool a thermometer far below 
the temperature of ice, and have it in such a condition as that it 
shall acquire heat, and be expanded by contact with ice; thus proving 
that the ice contains heat. Spirits of wine have not been frozen at 
the lowest temperature that has hitherto been attained; but even then 
this liquid possesses heat, and there is no doubt that if a sufficiently 
large portion of its heat were withdrawn, it would freeze like other 
bodies. The following are interesting circumstances in the range of 
temperature:— 


—166° Fahr. 

Greatest artificial cold measured. (Faraday.) 

—150° “ 

Liquid nitrous oxide freezes. " 

— 122 ° “ 

Liquid sulphuretted hydrogen freezes. “ 

—105° “ 

Liquid sulphurous acid freezes. “ 

1 

0 

Liquid carbonic acid freezes. 

— 91° “ 

Greatest artificial cold measured by Walker. 

Greatest natural cold observed by a “ verified” thermometer. 
(Sabine.) 

1 

o 

o 

Greatest natural cold observed at Fort Reliance by Back. 
Doubtful. 

— 58° 

Estimated temperature of planetary space. (Fourier.) 

— 47° *' 

Sulphuric ether freezes. 

— 39° ‘ 

Mercury freezes. 

— 30° ‘ 

Liquid cyanogen freezes. (Faraday.) 

_ 70 

A mixture of equal parts of alcohol and water freezes. 

+ 7° ‘ 

A mixture of one part of alcohol and three parts of water 
freezes. 

20 ° ' 

Strong wine freezes. 

32° ‘ 

Ice melts* 

50°-7 ‘ 

Mean temperature of London. 

81°-5 • 

Mean temperature at the Equator. 

98° ‘ 

Heat of the human blood. 

117°‘3 ‘ 

Highest natural temperature observed—of a hot wind in Upper 
(Burckhardt.) 

151°*34 

Wood-spirit boils. (Is. Pierre.) 

172°*94 

Alcohol boils. ” 

212 ° ‘ 

Water boils. 

442° ‘ 

Tin melts. 

594° ‘ 

Lead melts. 

662° ‘ 

Mercury boils. 

980° ‘ 

Red heat. (OanieU.) 

1141° ‘ 

Heat of a common fire. (Daniell.) 

. 1869° ‘ 

Brass melts. “ 

2283° ' 

Silver melts. “ 

3479° ‘ 

Cast iron melts. “ 







SPECIFIC HEAT. 

Equal bulks of different substances, such as water and mercury, 
require the addition of different quantities of heat to produce the 
same change in their temperature. Tliis appears evident from a 
variety of circumstances. If two similar glass bulbs, like thermo¬ 
meters, one containing mercury and the other water, be immersed at 
the same time in a hot water-bath, it will be found that the mercury 
bulb is heated up to the temperature of the water-bath in half the 
time that the water bulb requires ; and if the two bulbs, after having 
both attained the temperature of the water-bath, be removed from 
it and exposed to the air, the mercury bulb will cool t\^'icc as rapidly 
as the other. These effects must arise from the mercury absorbing 
only half the quantity of heat which the water docs in being heated 
up to the same degree in the water-bath, and from having, conse¬ 
quently, only half the quantity of heat to lose in the subsequent 
cooling. Again, if we mix equal measures of w'ater at 70° and 1.30°, 
the temperature of the whole will be 100°; or the hot measure of 
water, in losing 30°, elevates the temperature of the cold measure by 
an equal amount. But if w'e substitute for the hot water, in tliis 
experiment, an equal measure of mercury at 130°, on mixing it with 
the measure of winter at 7 0° the temperature of the whole will not be 
100°, but more nearly 90°. Here the mercury is cooled from 130° 
to 90°, or loses 40° of heat, which have been transferred to the water, 
but which raise the temperature of the latter only 20°, or from 7 0° 
to 90°. To heat the measure of w^ater at 70° to 100°, we must mix 
with it tw'o, or a little more than #vo, equal measures of mercury at 
130°, although one measure of water at 130° would answer the pur¬ 
pose. If, therefore, ttvo measures of mercury, by losing 30° of tem¬ 
perature, heat only one measure of water 30°, it follows that hot 
mercury possesses only half the heat of equally hot w'ater; or that 
water requires double the quantity of heat that is required by mercury, 
to raise it a certain number of degrees. This is expressed by saying 
that water has twice the capacity for heat that mercury possesses. 

It is more convenient to express the capacities of different bodies 
for heat, with reference to equal weights than equal measures of the 
bodies. On accurate trial, it is found that a pound of water absorbs 
thirty times more heat than a pound of mercury, in being heated the 
same number of degrees : the capacity of water for liesit is, therefore, 
thirty times greater than that of mercury. The capacities of these 
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two bodies are in the relation of 1000 to 33; and it is convenient 
to express the capacities for heat of all bodies, in relation to that of 
water, as 1000. Such numbers are the apecijic heats of bodies. 

There are two methods usually followed in determining capacity for 
heat. The first, which was tliat practised by MM. Dulong and Petit, 
consists in allowing different substances to cool the same number of 
degrees in circumstances which are exactly similar; to inclose them, 
for instance, in a polished silver vessel, containing the bulb of a ther¬ 
mometer in its centre, and to place this vessel under a bell-jar in 
wdiich a vacuum is made. The time which the different substances 
take to cool, enables us to calculate the quantity of heat wliich they 
give out. The second, or method of mixture, consists in heating 
up the metal or other substance to 212“, and then throning it into 
a vessel containing a considerable weight of cold water, to which a 
quantity of heat wiU be communicated, and a rise of temperature 
occasioned proportional to the capacity for heat of the substance. 
Tlui following Table contains results of M. Bx;giiault, wliich closely 
coincide with the prior determinations of Dulong and Petit:— 


Substances. 

Water .... 

• 



Specidc heat of 
equal weights. 

. 1000 

Ice* ..... 

• 



. 513 

Oil of turpentine, at 63‘5° Fabr. 

• 



. 426t 

“ “ at 50“ Fabr. 




. 414 

Wood charcoal . 




. 241t 

Sulphur . . . • 




. 203 

Glass .... 




. 198 

Diamond .... 

• 



. 147t 

Iron. 

a 



. 113-79 

Nickel . . . . ^ 

« 



. 108-63 

Cobalt .... 




. 106-96 

Zinc ..... 




95-55 

Copper .... 




95-15 

Arsenic .... 




. 81-40 

Silver .... 




. 57-01 

Tin. 




56-23 

Iodine .... 




. 54-12 

Antimony .... 

> 


• 

. 50-77 

Gold .... 




32-44 


* Ed. Desains, Annales de Chimie et de Physique, 3me scr. 1.14, p. 306 (1845). 
By another method, the number 465 was obtained. The capacity of ice is, therefore, 
sensibly one-half that of water. This is a valuable paper, which will be referred 
to with advantage. 

t Regnault, ibid. t. ix. pp. 339 and 324. 











26 


SPECIFIC HEAT, 


Sabstances. 

Platinum 
Mercury 
Lead . 
Bismuth 


Specific heat of 
equal weights. 
. 32-43 

. 33-32 

31-40 
30-84 


The method of cooling gives results so exacts as to allow the detec¬ 
tion of an increase of capacity T^dth the temperature. The capacity 
of iroUj when tried between 32° and 212° as was the case with all 
the bodies in the table, was 110; but 115 between 32° and 392°, 
and 126 between 32° and 662°. It hence follows, that the capacity 
for heat, hke dilatation, augments in proportion as the temperature is 
elevated. Dulong and Petit likewise established a relation between 
the capacity for lie-at of metallic bodies and the proportion by weight 
ill wliich they combine with oxygim, or any other substance, which 
will again be adverted to. 

Of all liquid or solid bodies, water has much the greatest capacity 
for heat. Hence the sen, wliich covers so large a proportion of the 
globe, is a great magazine of heat, and has a benericial influence in 
equalizing atmospheric temperature. jMercury has a small specific 
heat, so that it is quickly heated or cooled, another jn-operty Avliich 
recommends it as a liquid for the thermometer, imparting, as it docs, 
great sensibility to the instrument. 

The determination of th(i specific heat of gases is a problem 
involved in the greatest practical difficulties; so that noiAvithstanding 
its having occupied the -attention of some of the ablest chemists, our 
knowledge on the subject is still of the most uncertain nature. It 
has been concluded by Dclarivc and Marcet,* * * § and by Mr. Ha\"craft,t 
that the specific heat of aU gases Mf the same for eciual volmnijs. But 
this opinion has been controverted by Dulong,J by Hr. Apjohn,§ 
and by Suermann,|l aaAio have followed Delarochc and'Berard in this 
inquiry 1[. Their method was to transmit known quantities of the 
gases, heated to 212° in an uniform current, tluough a serpentine 
tube, surrounded by water, the temperature of which w'as observed, 
by a delicate thermometer, at the beginning and end of the process. 
The results obtained by the dijfferent experimenters are contained in 
the following table :— 


* Annates de Ch. et de Ph. t. 35, p. 5; and t. 41, p. 78. 

•f- Edinburgh Phil. Trans. 1824. 

Annales de Ch. et de Ph. t. 41, p. 113. 

§ Transetions of the Royal IrLsh Academy. 1837. || lb. t. 63, p. 315. 

^ Annales de Chimie, t. 75 : or Annals of Philosophy, toI. ii. 
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Name of the gas. 


Air. 

Oxygen . , . . ^ 


Hydrogen . 


Chlorine . . . • 
Nitrogen . . . . 


Steam. 

Carbonic oxide 


Carbonic acid 


Sulphurous acid 
Sulphuretted hydrog. 
Hydrochloric acid 
Nitrous oxide . . 


Nitric oxide 
Ammonia . . . . 
('yauogen . . . . 
Olefiant gas 


SPECIFIC HEAT OF OASES. 


Authority. 


Delaroche and Berard. 
Suermann. 

Apjohn. 

Delaroche aod Berard. 
Suermann. 

Delarive and Marcet, 
Haycraft, Dulong. 
Delaroche and Berard. 

D. & M. Haycraft, Dulong. 
Suermann. 

Apjohn. 

Delarive and Marcet. 
Delaroche and Berard. 
Suefmann. 

Apjohn. 

Delaroche and Berard. 
Suermann. 

Apjohn. 

D. and M. Dulong. 
Delaroche and Berard. 
^aycraft. 

Suermann. 

Dulong. 

Apjohn. 

Delarive and Marcet. 
Delaroche and Berard. 
Delarive and Marcet. 

<4 4i 

44 4 4 

41 44 

Suermann. 

Dulong. 

Apjohn. 

Delaroche and Berard. 
Delarive and Marcet. 

II I* 

14 14 

Haycraft. 

I Dulong. 

Delaroche and Berard. 
Delarive and Marcet. 


Capacity 
for equal 
volumes. 
Air + 1 . 

Capacity for equal 
weights. 

Air = 1. 

Water = l. 

1-0000 

1-0000 

0-2669 

0-3046 

0-8080 

0-7328 

0-1956 

0-9765 

0.8848 

0-2361 

0-9954 

0.9028 

0-2750 

1-0000 

0-9069 

. . . ^ 

0-9033 

12-3401 

3-2936 

1-0000 

14-4930 

« • • 

1-3979 

20-3121 

6-1892 

1-4590 

21-2064 

* • • 

1 0000 

0-4074 


1-0000 

1-0318 

0-?754 

1-0005 

1-0293 

0-3138 

1-0480 

1-0741 

• • • 

1-9600 

31360 

0-8470 

0-9925 

1-0253 

0-3123 

0-9960 

1-0239 

• • 

1-0000 

1-0802 

• • • 

1-0340 

1 0803 

0-2884 

1 0000 

0-6557 

• • • 

1 0655 

0-6925 

0-2124 

1-1750 

• • • 

• • • 

1-1950 

0-7838 

• • « 

1-2220 

• • • 

• • • 

1-2583 

0-8280 

0-2210 

1.0000 

0-4507 

• • a 

1-0000 

0*8485 

• • • 

1-0000 

0-7925 

• • « 

1-0000 

0-6557 

• • • 

1-1229 

0 73 ^ 

0-2240 

1-1600 

• . • 

• • • 

1-1930 

0-7827 

• • • 

1-3503 

0.8878 

0-2369 

1-7000 

0-9616 

• • 

1-0000 

1-6968 

* » • 

1-0000 

0-5543* 

• ■ * 

1 0660 

• • • 

• • • 

1-5310 

• a • 

• ■ « 

1-5530 

1*5763 

0*4207 

1-5300 

• • • 

• • • 


It will be observed, that the capacity for heat of steam, as well as 
of ice, is less than that of an equal weight of *water. Hence the 
specific heat of a body may chango with its physical state. Delaroche 
and Berard likewise observed that the capacity of a gas is increased 
by its rarefaction. When the volume of a gas is doubled, by witli- 
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drawing half the pressure upon it, its specific hesit is .not quite so 
much, as doubled. Tliis is the reason why a gas becomes cold in 
expanding. In the expanded state it requires more heat to sustain 
it at its former temj)eraturc, from the augmentation which has oc¬ 
curred in its capacity. Air expanded into double its volume is 
cooled 40 or 50 degrees; and it has its temperature raised to that 
extent by compression into half its volume; suddenly conelensed to 
one-fifth of its volume by a piston in a small cylinder, so much heat 
is evolved as to cause the ignition of a readily inflummiible substance, 
such as tinder. 


COMMUNICATION OP HEAT BY CONDUCTION AND EADIATION. 

1. Cofidnctiofi .—"When one extremity of a bar of iron is plunged 
into a fire, the heat passes tlirough the bar in a gradual manner, 
being communicated from particle to particle, and after 
tluough the M'hole length of the bar, may arrive at the otlier 
extremity. Heat, wlieii conveyed in tliis way, is said to be con¬ 
ducted. 

In solid substances, the phenomenon of the conduction of heat is 
so simple and familiar, that little need be said on the subject. Dif¬ 
ferent solid substances vary exceedingly from each other in their 
pow'cr to conduct heat. Dense or heavy substances are generally 
good conductors, wliile light and porous bodi(‘s conduct heat im¬ 
perfectly. Hence the universal use of substances of the latter class 
for the purposes of clotliing. Count Kumford observed, that the finer 
the fabric of woollen cloth is, the more imperfectly doe.s it conduct. 
The down of the eider-duck appears to be uiirivalhul in this respc'ct. 
Bad conductors are also the most suitabh; for ke(^])ing bodies cool, 
protecting them from the access of heat. Hence to jireserve ice 
in summer, we wrap it in flannel. Among good conductors of lieat, 
the metals are the best. The relative conducting power of several 
boilies is expressed by the numbers in the followiiig table, from the 
experiments of Despretz. 


Gold ^ 

. 1000 

Tin 

. 303-9 

Silver . 

. 973 

Lead 

. 179-6 

Copper. 

. 898 

Marble . 

. 23-6 

Iron 

. 374-3 

Porcelain 

14-2 

Zinc 

363 

Clay 

11-4 
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Glass is an imperfect conductor, for wc*can fuse the point of a 
glass rod in a lamp, holding it within an inch of the extremity. 
[On the contrary, we find it difficult to heat any part of a thick 
’metallic wire to redness in a lamp, owing to the rapidity with which 
the heat is carried away by the contiguous parts. 

The following table of the conducting power of various materials 
used in the construction of houses, as observed by Mr. Hutchinson, 
is of considerable utility for practical purposes. The substances arc 
nrrjingcd in the order in which they resist most the passage of heat ; 
the wannest substances, which are most valuable in construction, 
being placed first.* 



Conducting 


Conducting 

Name of Substance. 

power referred 

Name of Substance. 

power referr€ 


to that of slate 


to that of pla 


= 100, 


= 100. 

Plaster and Sand 

18*70 

Bath Stone 

61-08 

Keene's Cement 

1901 

Fire Brick 

61*70 

Plaster of Paris 

20*26 

Fainswick Stone (H. P.) 

71*36 

Roman Cement 

20-88 

Malm Brick . 

72*92 

Beech Wood . 

22*44 

Portland Stone 

75*10 

Lathe and Plaster 

25*55 

Lunelle Marble 

75*41 

Fir Wood , 

27*61 

Bolsover Stone (H. P.) 

76*35 

Oak Wood 

33*66 

Norfal Stone (H. P.) 

95*36 

Asphalt 

45*19 

Slate. 

100-00 

Chalk (soft) 

56*38 

Yorkshire Flag : 

110*94 

Napoleon Marble 

58 27 

Lead • • • • • 

521*34 

Stock Brick . 

60*14 




Certain vibrations were observed by Mr. Trevelyan to take place 
bc^tween metallic masses having different temperatures, occasioning 
])arliciilar sounds, which appear to be connected with the conducting 
power of the metals.t Thus, if a heated curved Fio. 15. 

bar of brass b, be laid upon a cold support of 
lead /, of which the surface is flat, as represented 
in the figure, the brass bar, Avhilc communicating 
its heat to the lead, is thrown into a state of vi¬ 
bration, accompanied w ith a rocking motion and 
the production of a musical note, like that of the glass harmonicon. 



* New Experiments on Building Materials, by J. Hutchinson : Taylor and Walton. 
The three Substances marked H. P. arc the building stoAes employed in the construe- 
tion of tlie New Houses of Parliament, 
t Phil. Mag. 3d Series, vol, hi. 321. 
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The rocking motion of the brass bar, accidentally commenced, appears 
to be continued from a repulsion which exists betwen heated surfaces, 
enhanced in tliis case by the low conducting power of the lead, 
wliicli allows^its surface to be strongly heated by the brass. Pro¬ 
fessor Porbes finds that the most intense vibrations are produced 
between the best conductors and the worst conductors of heat, the 
latter being the cold bodies.* 

Our ordinary conceptions of the actual temperature of different 
bodies are much affected by their conducting power. If we apply 
the hand, at the same time, to a good and to a bad conductor, such 
as a metal and a piece of wood, which are exactly of the same tem¬ 
perature by the thermometer, the good conductor will feel colder or 
hotter than the other, from the greater rapidity with winch it conducts 
away heat from, or communicates heat to, our body, according as 
the temperature of the metal and wood happens to be above or 
below that of the hand applied to them. 

The diffusion of heat through liquids and gases is effected, in a great 
measure, by the motion of their particles among each other. When heat 
is applied to the lower part of a mass of liquid, the heated portions 
become lighter than the rest, and ascend rapidly, conveying or carrying 
the heat tlirou^the mass of the fluid. In a glass flask, for instance, con¬ 
taining water, vinth which a small quantity 
of any light insoluble powder has been 
mixed, a circulation of the fluid may be 
observed upon the application of the flame 
of a lamp to the bottom of the vessel, the 
heated liquid rising in the centre of the 
vessel, and aftenvards descending near its 
sides, as represented in the annexed figure. 
But when heat is applied to tlie surface of a 
liquid, this circulation does not occur, and 
the heat is propagated very imperfectly down¬ 
wards. It has even been doubted whether 
liquids conduct heat downwards at aU, or, 
indeed, in any other way than by conveying 
it as above described. It can be proved, 
however, that heat passes downwards in fluid 
mercury, and hence it is probable that 
all liquids possess a sbght conducting power similar to that of 
JBlids. 


Fie. 16. 



* Edinb. Phil. Trans. toI. xii. 
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Let the endless tube represented in the 
accompanying figure be supposed to be 
entirely filled with water, and the heat 
of a fire be. applied to the lower portion 
of it at a, which is twisted into a spiral 
form, the water ^vill immediately be set 
in motion, and made to circulate through 
the tube, from tlie expansion and ascent 
of the portion in «, and the whole of the 
w.ater in the tube will be brought in suc¬ 
cession to the source of heat. The tube 
may be led into an apartment above d, 
and being twisted into another spiral at b, 
a quantity of the heat of the circulating 
water will be discharged in proportion to 
the extent of surface of tube exposed. Water of a temperature 
considerably above 212° is made to tnrculate in this manner tluough 
a very strong drawn-iron tube of about orfc'inch in diameter, for the 
puq)ose of lieating liouses and public buildings. A slight waste of 
the w'at(T is found to occur, so that it is necessary to introduce a 
small quantity every few Aveeks by an opening and stopcock c, in the 
upper ])art of the tube. Tubes of larger calibi’c, Avith Avater circu¬ 
lating b('low the boiling point, arc likewise much used for AViirming 
large buddings. 

Air and gases are very imperfect conductors. Heat appears to be 
propagated tlirough them almost entirely by conveyance, the heated 
portions of air becoming lighter, and diffusing the heat through the 
mass in their ascent, as in licpiids. Hence, in heating an apartment 
by hot air, the hot air should ahvays be introduced at the floor or 
lowest part. The advantage of double AviudoAvs for warmth depends 
in a great measure on the sheet of air confined between them, 
througli wliich heat is very sloAA’ly transmitted. In the fur of aiumtds, 
and in clothing, a quantity of air is detained arnoiig tlie loose fibres, 
Avhich materially enhances their non-conducting property. In dry 
air, the human body can resist a tcunporature of 250° w ithout incon- 
venic^licc, provided it is not brought into contact Avith good conductors 
at the same time. 

liadiaiion of Heat .—Heat is also emitted from the surface of 
bodies in the form of rays, which pass tlirougli a vacuum, air, and 
certain other transparent media, Avith the velocity of light. It is ikjI 
necessary that a body be heated to a vdsible redness to enable it to dis- 
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charge heat in this manner. Rays of heat, unaccompanied by light, 
continue to issue from a hot body through the whole process of its 
cooling, till it sinks to the actual temperature of the air or surround¬ 
ing medium. The circumstance that bodies suspended in a j)crfect 
vacuum cool rapidly and completely, wthout the intervention of con¬ 
duction, places the fact of the dissipation of heat by radiation, at 
low temperatures, beyond a doubt. 

The most valuable observations which we possess on this subject, 
were published by Sir John Leslie, in his Essay on Heat, in 1804. 
Leslie proved that the rate of cooling of a hot body is more influenced 
by the state of its surface than by the nature of its substance. He 
filled a bright tin globe with hot water, and observed its rate of 
cooling in a room of wliich the air was undisturbed. A thermometer 
placed in the water cooled half way to the temperature of the apart¬ 
ment in 156 minutes. Tlie experiment was repeated, after covering 
the globe with a thin coating of lamp-black. The whole now cooled 
to the same extent as in the first experiment, in 81 minutes; the ra¬ 
pidity of cooling being ne^y doubled merely by this change of surface. 

An experiment of Count Rumford is even more singular. Water, 
of the same temperature, was aUow'ed to cool in two similar brass 
cylinders, one of which w^as covered by a tight investiture of linen, 
and the other left naked. The covered vessel cooled 10° in 36^ 
minutes, while the naked vessel required 55 minutes; or the cover¬ 
ing of linen, like the coating of lamp-black, greatly exj)edited the 
coobng, instead of retarding the escape of heat, as might be exjjected. 
The cooling was accelerated in the same manner, when tlie cylinder 
was coated with black or wliite paint, or smoked by a candle. 

In determining the radiating ])ow(;r of different surfaces, Leslie 
generally made use of square tin canisters, of w hich tlie surfaces were 
variously coated, and which he filled w ith hot water. Instead of 
watching the rate Fig. is. 

of coobng, as in 
the experiments 
already mentioned, 
he presented the 
side of a canister, 
having its surface 
in any particular 
condition, to a 
concave metallic 
mirror, winch con- 
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centrated tlie heat falling upon it into a focua, where the bulb of 
an air thermometer was plaeed to receive it, as represented in the 
annexed figure. The ditferential thermometer answered admirably 
for this purpose, as from its construction it is. unaffected by the 
temperature of the room, while the slightest change in the tempera¬ 
ture of the focal spot is immediately indicated by it. 

Two metallic mirrors were occasionally used in conducting these expe¬ 
riments. The mirrors being arranged so as to face each other (fig. 19) j 
with their princi- 
])al axes in the 
same line i when 
a lighted lamp or 
hot canister is 
placed in the focus 
of oiie mirror, the 
incident rays are 
refiected by that 
miiTor against the other, and collected in its focus. 

The following table exhibits the relative radiating power of various 
substances with which the surface of the canister -was coated, as 
indicated by the effect upon the diflereiitial thermoirujter:— 

Lamp-black . .100 Plumbago. . . . .75 

Water by estimate . . 100+ Tarnished lead . . .45 

Writing-paper . . 98 Clean lead . . . .19 

Sealing-wax ... 95 Iron, polished . . . 15 

Crown glass ... 90 Tin plate, gold, silver, copper 12 

It thus appears that lamp black radiates five times more of the 
heat of boiling water than clean lead, and eight times more than 
bright tin. The mi^tals have the lowest radiating power, which 
arises from their brightness and smoothness. If allowed to tarnish, 
their riidiating power is greatly increased. Thus the radiating power 
of lead with its surface tarnished is 45, and with its surface bright, 
only 19; but glass and porcelain radiate most powerfully, although 
their surface is smooth. When the actual radiating surface is 
metallic, it is not affected in a sensible manner by the substance 
under it. Thus, glass covered with gold leaf possesses the radiating 
power of a bright metal. 

t It is placed beyond doubt, by the recent experiments of Dr. Bache, 
that the radiating power of any surface ’As not affected by its colour, 
at least in an appreciable degree. Hence, no particular colour of 
clothes can be recommended for superior warmth in winter. But 


Fig. 19. 
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the absorbent powers of bodies for the heat of the sun depend 
entirely upon their colour.* 

The faculty which different surfaces possess of absorhing or of 
reflecting heat radiated against them, is connected with their own 
radiating pOwer. Those surfaces which radiate heat freely, such as 
lamp-black, glass, &c., also absorb a large proportion of the heat 
falhng upon them, and reflect little of it; while surfaces which have 
a feeble radiating and absorbing faculty, such as the bright metals, 
reflect a large proportion, as they absorb little, and form the most 
powerful reflectors. So that the good absorbents are found at the 
top, and the good reflectors at the bottom of the preceding table. 
The efficiency of a reflector depending upon its low absorbing power, 
reflectors of glass are totally useless in conducting experiments upon 
radiant heat. Metallic reflectors remain cold, although they collect 
much heat in their foci. 

These law's of the radiation of heat admit of some practical appli¬ 
cations. If we wish to retard, as much as possible, the cooling of a 
hot fluid or other substance, in w hat sort of vessel should we inclose 
it ? In a metallic vessel, of wdiich the surface is not dull and sooty, 
but clean and lughly polished; for it has been observed, that hot 
w’ater cools twice as fast in a tin globe of wiiich the surface is 
covered with a thin coating of lamp-black, as in the same globe when 
the surface is bright and clean. Hence the mlvantage of bright 
metallic covers at table, and the superiority of metallic tea-pots over 
those of porcelain and stoneware. 

TRANSMISSION OF RADIANT HEAT THROUGH MEDIA, AND THE 

EFFECT OF SCREENS. 

It has been shewn by Dulong and Petit, that hot bodies ra¬ 
diate equally in all gases, or exactly as they radiate in a vacuum. Hot 
bodies certainly cool more rapidly in some gases than in others; but 
this is owing to the mobility and conducting powers of the gases 
being different. 

Light of every colour, and from every source, is equally trans¬ 
mitted by all transparent bodies in the liquid or solid form; but this 
is not true of heat. Tlic heat of the sun passes through any trans¬ 
parent body without loss; but of heat from terrestrial sources, a cer¬ 
tain variable proportion only is allowed to pass, which increases as 

* Journal of the'Franklin Institute, May and November, 1835. 
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the temperature of the radiant body is elevated. Thus, it was 
observed by Delaroche that, from a body heated to 182®, only l-40th 
of aU the heat emitted passed through a glass screen: from a body 
at 346®, l-16th of the whole; and from a body at 960®, so large a 
j)roportion as l-4th appeared to pass through a glass screen. M.. 
Melloni has, witliin the last few years, greatly extended our know¬ 
ledge respecting the transmission of heat through media, in a series 
of the most profound researches,* In his experiments, he made use 
of tlic thermo-electric pile to detect changes of temperature; an 
instrument which, in his hands, exliibitcd a sensibility to the impres¬ 
sions of lieat vastly greater than tliat of the most dcUcate mercurial 
or air thermometer. 

Ilis instrument, or the thermo-multiplier (fig. 20), consists of 
an arrangement of thirty pairs of bismuth and antimony bars 

Fig. 20. 





contained in a brass cylinder, t, and having the wires from its 
poles connected with an extreinely delicate magnetic galvanometer, n. 
'I’lie extremities of the bars at h being exposed to any source of radiant 
liciit, such as the copper cylinder d, heated by the lamp I, wdiilc the 
temi)ervxturc of the other extremities of the bars at c is not changed, 
Jin electric current passes through the wires from the poles of the 
pih^, and causes the magnetic needle of the galvanometer to deflect. 
U’he force of the electric current increases in proportion to the differ¬ 
ence of the temperatures of the two ends, h and e, that is, in propor¬ 
tion to the quantity of heat falliug upon h; and the effect of tliis 
current upon the needle, or the deviation produced, is proportional to 
the force of the current, and consequently to the heat itself; at least, 

* The complete series of Melloni's Memoirs is givea in Taylor’s Scientific 
Memoirs, Yols. 1. and II. 
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MeUoni finds tliis correspondence to be exact tlirough the whole arc, 
from zero to 20°, when the needle is truly astatic. 

MeUoni proved that heat, wliich lias passed through one plate of 
glass, becom^ less subject to absorption in passing through a second. 
Thus, of 1000 rays of heat from an oil flame, 451 rays being inter¬ 
cepted in passing through four plates of glass of equal thickness— 

381 rays were intercepted by the first plate. 

43 “ “ by the second. 

' 18 “ “ by the third. 

9 •* “ by the fourth. 

451 

The rays appear to lose considerably when they enter the first layers 
of a transparent medium ; but that portion of heat, which has forced 
its passage through the first layers, may penetrate to a great depth. 
Transparent liquids are found to be less penetrable to radiant heat 
than soUds. 

The capacity which bodies possess of transmitting heat does not 
depend upon their transparency; or bodies are not at aU transparent 
to heat in the same proportion that they are transparent to light. 
Thus, plates of the following transparent minerals, having a common 
thickness of 0*1031 of an inch, allowed very different proportions of 
the heat from the flame of an argand oil-lamp to pass through them. 
Of 100 incident rays there were transmitted:— 


By Rock-salt .... 92 rayi 

Mirror glass .... 62 

Rock-crystal .... 62 

Iceland spar .... 62 

Rock-crystal, smoky and brown 57 

Carbonate of lead ... 52 

Sulphate of barytes ... 33 

Emerald .... 29 

Gypsum .... 20 

Fluor spar .... 15 

Citric acid .... 15 

Rochelle salt .... 12 

Alum ..... 12 

Sulphate of copper ... 0 


A piece of smoky rock-crystal, so brown that the traces of letters 
on a printed page covered by it could not be seen, and which was 
fifty-eight times thicker than a transparent plate of alum, transmitted 
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19 rays, wliile the alum transmitted only 6. One substance, wliich 
is perfectly opaque, a kind of black glass used for the polarization of 
light by reflection, was found by Melloni to allow a considerable 
quantity of rays of heat to pass through it. He appHed the term 
diathermanous to bodies which transmit heat, as diaphanous is 
applied to bodies which transmit light. Of all diaphanous or trans¬ 
parent bodies, water is in the least degree diathermanous. With the 
exception of the opaque glass referred to above, all diathermanous 
bodies belong also to the class of diaphanous bodies; for those kinds 
of metal, wood and marble, wliich totally obstruct the passage of light, 
obstruct that of heat also. 

The proportion of heat from various sources which radiate through 
a plate of glass 1-5 0th of an inch in tliickness, was observed by 
MeUoni to be as follows :— 


Of 100 rays Transmitted. Absorbed. 

From the flame of an oil-lamp there were . . 54 46 

“ red hot platinum ..... 37 63 

“ blackened copper, heated to 732® F. . .12 88 

“ •• “ 212 ° . . 0 100 


But the power of transmission of rock-salt is the same for heat 
from all these sources, or for heat of all intensities; 92 per cent, of 
the incident heat being transmitted by that body, whether it be the 
heat radiated from the hand or from a bright argand lamp. Bock- 
salt stands alone in this respect among diathermanous bodies. This 
substance may be cut into lenses or prisms, and be used in concen¬ 
trating heat of the very lowest intensity, or in decomposing it by 
double refraction, in the same manner as glass is employed with the 
light of the sun. Indeed, rock-salt has become quite invaluable in 
researches upon the transmission of heat. 

It thus appears that a body at different temperatures emits different 
species of rays of heat, wliich may be sifted or separated from each 
other by passing them through certain transparent media. They are 
all emittdi simultaneously, and in different proportions, by flame; but 
in heat from sources of lower intensity some of them are always 
absent. The calorific rays of the sun are chiefly of the kind which 
passes through glass; but Melloni show^s that the other species are 
not altogether wanting. The rays of heat emitted by the sun and 
other luminous bodies are quite different rays from the rays of hght 
with which they are accompanied. 
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Of the equilibrium of temperature .’—several bodies’ of 
various temperatures, some cold and some hot, are placed near each 
other, their temperatures gradually approximate, and, aftar a certain 
period has elapsed, they are found all to be of one and the same 
temperature. To account for the production and continuation of 
tliis equilibrium of temperature, it is necessary to assume that aQ 
bodies are at all times radiating heat in great abundance in all direc¬ 
tions, although their temperature does not exceed or even falls below 
the temperature of the atmosphere. Hence, there is an incessant 
interchange of heat between neighbouring bodies; and a general 
equalization of temperature is produced when every object receives as 
much radiated heat as it emits. 

This theory, which was JBrst proposed by Frevost, of Geneva, enables 
us to account for the apparent radiation of cold. Cold, w^e know, is 
a negative quality, being merely the absence of heat, and cannot 
therefore be radiated. Yet, when a liunp of ice is phwjed in the focus 
of a reflecting mirror, a thermometer in the focus of the opposite 
conjugate mirror is chiUed. To account for tliis phenomenon we 
must remember that the temperature of the thermometer is stationary 
only so long as it receives as much heat as it radiates. It is in that 
state before the experiment is made \rith the ice; for the air or any 
object which may happen to be in the other focus is of the same 
temperature as the ball of the thermometer. But it is evident that 
the momeut ice is introduced into one focus less heat will be sent 
from that to the other focus than was previously transmitted, and 
tlian is necessary to sustain the thermometer at a constant temperature. 
The thermometer ball, therefore, giving out as much heat as formerly, 
and receiving less in return, must fall in temperature. Tliis is an 
experiment in which the thermometer ball is in fact the hot body. 

The doctrine of the radiation of heat is happily applied to account 
for the deposition of dew. A considerable refrigeration of the surface 
of the ground below the temperature of the air resting upon it, 
amounting to 10 or 20 degrees, occurs every calm and clear night, 
and is caused by the radiation of heat from the earth (wliicli is a good 
radiator) into empty space. Now, on becoming colder than the air 
above it, the ground will condense the moisture of the air in contact 
with it, and, be covered with dew. For the air, however clear, is 
never destitute of watery vapour, and the quantity of vapour which 
ail can retain depends upon its temperature; air at 52°, for instance, 
being capable of retaining l-86th of its volume of vajmur, while at 
32° it can retain no more than L-150th of its volume. The greatest 
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(lifTcrence between the temperature of the day and night in this 
country takes place in spring and autumn, and these are the seasons 
in wliicli the most abundant dews are deposited. 

That the deposition of dew depends entirely upon radiation is fully 
established by the following circumstances :—1. It is on clear and 
calm nights only that dew is observed to fall. When the sky is 
overcast with clouds, no dew is formed j for then the heat which 
radiates from the earth is returned by the clouds above, and prevented 
from escaping into space; so that the ground never becomes colder 
than the air. 2. The slightest screen, such as a thin cambric hand¬ 
kerchief, stretched between pins, at the height of several inches above 
the ground, is sufficient to protect the objects below it from tliis 
chilling effect of radiation, and to prevent the formation of dew or of 
hoar-frost upon them. This fact was well known to gardeners, and 
they had long availed themselves of it in protecting their tender 
plants from frost, before the laws of the radiation of heat came to be 
explained. 3. Dr. Wells proved by numerous experiments that the 
quantity of dew which condenses on dilferent objects exposed in the 
same circumstances is proportional to the radiating power of those 
substances. Thus, when a polished plate of metal and a quantity of 
wool are exposed together in favourable circumstances, scarcely a 
trace of dew is to be observed on the metal, wliile a large quantity 
condenses in the wool, the latter substance being incomparably the 
best radiator, and therefore falling to a much lower temperature than 
the metal. 

The same theory has been applied to explain a process for making 
ice followed by the Indian natives near Calcutta. In that chmate the 
temperature of the air rarely falls below 40*^ in tlie coldest nights; 
but the sky is clear, and a powerful radiation takes place from the 
surface of the ground, lleiice, water contained in shallow pans 
imbedded in straw is often sheeted over uutli ice by a night’s expo¬ 
sure. The water is certainly cooled by radiation from its surface, and 
not by evaporation; for the process succeeds best when the pans are 
placed ill shallow trenches dug in the ground, an arrangement which 
retards evaporation; and no ice forms in windy weather, when 
evaporation is greatest. 

The morning frosts of autumn are first felt in sequestered situa¬ 
tions, as in ravines closed on all sides, or along the low courses of 
rivers, where the cooling of the earth’s surface by radiation is in tlic 
least degree checked by the movement of the air over it. These are 
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also the very situations upon which the sun^s rays produce the greatest 
effect in summer. 

Beverting again to the subject of conduction of heat tlirough solid 
bodies, it ni^y now be stated, that there is every reason to believe 
that heat is propagated, even in that case, in a manner not unlike 
radiation. Heat, in its passage through a bar of iron, is probably 
radiated from particle to particle; for the material atoms, of which 
the bar consists, are not supposed to be in absolute contact, although 
held near each other by a strong attraction. Radiation, as observed 
in air or a vacuum, may thus pass into conduction in solids, without 
any breach of continuity in the natural law to which heat in motion 
is subject. Baron Fourier proceeds upon such an hypothesis in his 
mathematical investigation of the law of coohiig by conduction in 
solid bodies.* 

We are now in a condition to udvtu-t nitli advantage to the equili¬ 
brium of the temperature of the earth. There can be no doubt of 
the existence, in tliis globe of ours, of a central heat. At a depth 
under the surface of the earth, not in general exceeding twenty feet, 
the thermometer is perfectly stationary, not being affected by the 
change of the seasons; but at greater depths the temperature pro¬ 
gressively rises. M. Cordier, to whom we are indebted for a most 
profound investigation of this interesting subject, considers the two 
conclusions to be established by all the observations on temperature 
which have been made at considerable depths. 1st. That below the 
stratum where the annual variations of the solar heat cease to be 
sensible, a notable increase of temp('rature takes place as we descend 
into the interior of the earth. 2dly. Tliat a certain irregularity must 
be admitted in the distribution of the subterraneous heat, which 
occasions the progressive increase of temperature to vary at different 
places. Fifteen yards has been provisionally assumed as the avenige 
depth which corresponds to an increase of one degree Fahrenheit. 
This is about 116 degrees for each nule. Admitting this rate of 
increase, we have at a depth of 30miles below the surface a tem¬ 
perature of 3500®, which would melt cast iron, and which is amply 
sufficient to melt the lavas, basalts, and other rocks, which have 
actually been erupted from below in a fluid state. But this central 

heat has long ceased to affect the surface of the earth. Fourier 

• 

♦ See a report by Professor Kelland, On the present state of our Theoretical and 
Experimental Knowledge of the Laws of the Conduction of Heat, in the Reports of 
the British Association for the Advancement of Science, for 1841, p. 1. 
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demonstrates, from the laws of conduction, that although the crust 
of the globe were of cast iron, heat would require myriads of 
\ears to be transmitted to the surface from a depth of 150 miles. 
Hut the crust of the globe is actually composed of materials 
greatly inferior to cast iron in conducting power. The tempera¬ 
ture of the surface of the globe now depends upon the amount of 
heat which it receives from the sun, compared mth the heat radiated 
auay from its surface into free space. There is reason to believe 
that no material change has occurred in the quantity of heat received 
from tile sun during the historical epoch. The radiation from the 
surface of the earth has its limit in the temperature of the planetary 
s])a(,*o in u hich it moves, which Fourier deduces, from calculation, to 
lie between —58° and —7b°, and which Schwanberg, from a calcu¬ 
lation on totally different princi})h;s, estimates at —58°.6; a close 
coincidence. This low temperature appears to be attained in the long 
absence of the sun during a polar winter, as Captain Parry found the 
thermometer to fall so low as—55° or —56° at Melville Island; 
and Captain Rack has recorded a tenipcuature observed on the North 
American continent so low as —70°. 

FLUIDITY AS AN EFFECT OF HEAT. 

One of the general effects of heat upon bodies has already been 
adverted to, namely its power of causing them to expand, which 
demanded our earliest attention, as it involves the principle of the 
thermometer. But heat, besides ellccting changes in the bidk, is 
capable of effecting changes in the condition of bodies. Matter is 
presented to us in three very dissimilar conditions, or forms, namely, 
in the solid, liquid, and gaseous forms. It is beheved that no body 
is restricted to any of these forms, but that the state of bodies dejiends 
entirely upon the temperature in mIucIi they are placed. In the 
lowest temperatures, they ai*e all solid, in higher temperatures they 
arc converted into liquids, and in the Iiighest of all they become 
elastic gasses. The particular temperatures at wliich bodies undergo 
these changes arc exceedingly various, but they are always constant 
for tlie same body. The first effect, ^en, of heat on the state of bodies 
is the conversion of solids into liquids; or heat is the cause of 
fluidity. 

Some substances, in liquefying, pass through an intermediate con¬ 
dition, in which it is difficult to say whether they are liquids or solids, 
'rims tallow, wax, and several other bodies, pass tlii'ough every pos- 
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sible d^ree of softness before they attain complete fluidity. Such 
bodies, however, are in general mixtures of two or more substances, 
which crystallize imperfectly. But ice, and the great majority of 
bodies, pass immediately from the solid into the liquid state. The 
temperatures at which bodies undergo tliis change are exceedingly 


Lead 

Melts at 
612° 

Olive oil 

Melts at 
. 36° 

Bismath 

, 476 

Ice . 

. 32 

Tin 

. 442 

Milk 

. 30 

Sulphur 

. 232 

Wines 

. 20 

Wax 

. 142 

Oil of turpentine 

. 11 

Spermaceti 

. 112 

Mercury 

—39 

Phosphoraa 

. 108 

Liquid ammonia 

—40 

Tallow 

92 

Ether 

— 16 

Oil of anise 

50 




If the bodies are in tlie fluid form, they freeze upon being cooletl 
below the temperatures set ugaiiist them. 

It may be added, in reference to this table, first, that in certain 
circumstances liquids can be cooled down several degrees below their 
usual freezing point before tiny begin to congeal. Thus we may 
succeed, by taking certain precautions, in cooling a small quantity of 
water, in a glass tube, so low as the tempei*ature 8°, or even as 5°, 
without its freezing; that is, 21 or 27 degrees under its proper 
freezing point 32°. The water must be cooled without the slightest 
agitation, and no sand or angular body be in contact with it; for 
the instant any solid body is dropped into water cooled below its 
freezing point, or a tremor is communicated to it, congelation com¬ 
mences, and the temperatuie of the liquid starts up to 32°. But, 
on the other hand, we cannot hcjit a solid the smallest fraction of a 
degree above its i)ropcr melting point, without occasioning liquefiic- 
tion. Hence it is not the freezing of water, but the melting of ice, 
which takes place witli rigorous constancy at 32° Balireuheit. 

All salts dissolved in water have the efiect of lowering the freezing 
temperature of that liquid. Common culinary salt appears to 
depress this point lower than a^ other saline body/; and the effect 
appears to be closely proportion^ to the quantity of salt in solution. 
A solution of 1 part of salt in 4 of water freezes at 4°; and sea-water, 
which contains l-30th of its weight of salt, freezes at 28°. 

But the principal fact to be adverted to in liquefaction is the dis- 
ap]}carauce of a large quantity of heat during the chsuigc. Heat 
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j)()urs into a body during its melting, without raising its temperature 
in the most minute degree. This heat, which enters the body and 
becomes insensible or latent, serves merely to melt the body. We 
are indebted to Dr, Black for this observation, which involves con¬ 
sequences of greater importance than any other announcement in the 
theory of heat. 

Before Dr. Blacky’s views were made known, fluidity was considered 
as produced by a very small addition to the quantity of heat wliich a 
body coTitsiins, when it is once heated up to its melting point. But 
if we attend to the manner in which ice and snow melt, when 
iiXj)oscd to the air of a warm room, we can perceive that, however 
cold they may be at first, tliey arc soon heated up to their melting 
point, and begin at their surface to be changed into water. Now, if 
th(i complete change of these bodies into water required only the 
farther suldition of a very small (luantity of heat, a mass of them, 
though of considerable size, ought all to be melted in a few minutes 
or seconds more, the heat continuing to be communicated from the 
air around. But masses of icc and snow melt with extreme slow¬ 
ness, especially if tliey be of a large size, as are those collections of 
icc and wreaths of snow that are formed in some places during 
winter. These, after they begin to melt, often require many weeks 
of M^ann weather, before they are totally dissolved into water. The 
slow manner in wliich icc melts in ice-houses is also familiarly 
known. 

By examining what happens in these cases, it may easily be per¬ 
ceived that a very great quantity of heat must enter the melting icc, to 
form the water into which it is changed, and that the length of time 
necessary for the collection of so much heat from surrounding bodies 
is the reason of the slowness with which the ice is liquefied. When 
melting ice is suspended in warm air, the entrance of heat into it is 
made sensible by a stream of cold air descending constantly from the 
ice, which may bo perceived by the hand. It is, therefore, evident 
that the melting ice receives hent very fast; but the only effect of 
this heat is to change it into water, which is not in the least 
sensibly warmer than the ice was before. A thermometer applied to 
the lirops or small streams of water as they come immediately from 
the melting ice, will point to the same degree as when applied to 
fhe ice itself. A great quantity of the heat, therefore, wliich enters 
into the melting ice, has no other effect than that of giving it 
fluidity. The heat appears to be absorbed or concealed within the 
water, and cannot be detected by the thermometer. 
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When ice is melted by means of wann water, tliis absorption of 
heat is made exceedingly obvious. Tlius, on mixing a pound of 
water at 172° with a pound of snow at 32° the snow is all melted, 
and the mixture is two pounds of water of the temperatiu'e of 32°. 
In being cooled dowm from 172° to 32°, the hot water loses 140 
degrees of heat, which convert the snow into water, indeed, but pro¬ 
duce no rise of temperature in the mixture above the 32 degrees 
originally possessed by the snow. 

Dr. Black proved that the heat which disappears in this manner is 
not extinguished or destroyed, but remains latent in the uatcr so 
long as it is fluid, and is extricated agtiin when it freezes. 

In water that has been cooled below its usual freezing point, when 
the congelation is once determined, (juantities of icy spicula^ are [iro- 
duced in proportion to the depression of temperature, wliilst at the 
same instant the temperature of ice and water starts up to 32°. The 
heat which thus appears was previously latent in that portion of the 
water which is frozen. The same disengagement of latent heat may 
be conveniently illustrated by means of a supersaturated solution of 
sulphate of soda, formed by dissolving, at a high temperature, three 
pounds of the salt in two pounds of water. ^Vhen this liquid is allowed 
to cool undisturbed, and with a stratum of oil on its surface, it remains 
fluid, although containing a much greater quantity of salt in solution 
than the water could dissolve at the temperature to wdiicli it lias 
fallen. But the suspended congelation of the salt being determined 
by the introduction of any solid substance into the solution, tlie 
temperature then often rises 30 and even 40 degrees, while crystals 
of sulphate of soda shoot rapidly through the liquid. 

Wax, tallow, suljiliur, and all other solid bodies, are melted in the 
same manner as water, by tlie assumption of a certain dose of heat. 
Tlie latent heat which the following substances possess in the fluid 
form was, with the exception of water, determined by Dr. Irvine. 

Latent heat. 


Water 

a 


k 


• 

142 degrees. 

Sulphur 

• 

• 

• 

■ 


145 

Lead 



» 

• 

• 

iri2 

Bees'-wax • 


• 

« 

• 

• 

175 

Zinc 

• 


• 

• 

• 

493 

Tin 

• 

9 



• 

600 

Bismuth 





• 

550 


* De la Provostaye and Rcgnault, Annulcs dc Chimie, &c. 3 acr. t. 8, p. 1. 
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Even in tlie solid form uertuin bodies admit of a variation in their 
structure and properties from the assumption or loss of latent heat. 
Dr. Black made it appear probable that metals owe their malleability 
and ductility to a quantity of latent heat combined with them. 
When hammered they become hot from the disengagement of tliis 
heat, and at the same time become brittle. Their malleability is 
restored by heating them again in a furnace. Sugar, it is well 
known, may exist as a transparent and colourless body, with the 
physical properties of glass, or as a white and opaque, because a 
granular or crystalline mass. The transition from the glassy to the 
granular state is attended by a very remarkable evolution of heat, 
wliich appears to have escaped the notice of scientific men. If 
melted sugar be allowed to cool to about 100°, and then, while it is 
still soft and viscid, be rapidly and frequently extended and doubled 
up, till at last it consists of threads, as in drawn sugar, the tempera¬ 
ture of the muss ({uickly rises so as to become insupportable to the 
hand. After this liberation of heat, the sugar on again cooling is 
no longer a glass, but consists of minute crystalline grains, and has a 
])early lustre. The sfimc change may occur in a gradual manner, as 
when a clear stick of barley-sugtir becomes white and opaque in the 
atmosphere; but then we have no means of observing the escape of 
the latent heat on wdiicli the change depends. It may be inferred that 
glass itself, like transparent barley-sugar, oives its peculiar constitution 
and properties to the permanent retention of a certain quantity of 
latent heat. Of this heat glass can be deprived by keeping it long 
in a soft state; it then becomes granular, and, passing into the con¬ 
dition of Reaumur’s porcelain, loses all the characters of glass. 

It is not unlikely that the dimorphhm of a body, or its property 
to assume two ditferent crystsdline forms, may likewise depend upon 
the retention of a certain quantity of latent heat by the body in the 
one form, and not in the other. I’hus, sulphur assumes two forms, 
one on cooling from a state of fusion by heat, another in crystal¬ 
lizing at a lower temperature, and probably with the retention of less 
latent heat, from a solution of sulphuret of carbon. In charcoal 
and plumbago, again, wc have carbon wliich has assumed the solid 
form al a high temperature, and possibly with the fixation of a quan¬ 
tity of latent heat which docs not exist in the diamond, another form 
of the same body. 

When a solid body is melted by the'intervention of some affinity, 
without heat being applied to it, cold is generally produced. Thus, 
most salts occasion a reduction of friinperature, in the act of dissolv- 



46 


FLUIDITY. 


ing in water, which requires them to become iluid. Nitn;, ibr 
instance, cools the water in which it is dissolved 15 or 18 degrees. 
A mixture of five parts of sal ammoniac and five of nitre, both finely 
powdered, dissolved in nineteen parts of water, may reduce its tem¬ 
perature froin 50° to 10°, or considerably below the freezing point of 
pure water. These salts are necessitated, by their affinity for water, 
to dissolve when mixed with it, and to become fluid, a change wliicli 
implies the assumption of latent heat. Most of our artificial pro¬ 
cesses for producing cold arc founded upon this disappearance of heat 
during liquefaction. A very convenient process for freezing a little 
water, without the use of ice, is to drench finely powdered sulphate 
of soda with the undiluted hydrocldoric acid of the shops. The salt 
dissolves to a greater extent in this acid than in water, and the tem¬ 
perature may sink from 50° to 0°. The vessel in wliich the mixture 
is made becomes covered with hoar frost, and water in a tube im¬ 
mersed in the mixture is speedily frozen. 

The same affinity between salts and water may be taken advantage 
of to cause the liquefaction of ice. On mixing snow with a tliird of 
its weight of salt, the snow is instantly melted, and the temper,iture 
sinks nearly to 0°. It was in this way that Fahrenheit is supposed 
to have obtained the zero of his scale. Ices for the table are always 
made in summer by mixing roughly pounded ice and salt together, 
and immersing the cream, or other liquid to be frozen, contained in a 
thin metallic pan, in the cold brine which is produced by the melting 
of the ice. 

The liquefaction of snow by means of the salt, cliloritlc of calcium, 
occasions a stiU greater degree of cold. To prepare this salt, marble 
or chalk is dissolved in hydrocldoric acid, and the solution evapo¬ 
rated by a temperature not exceeding 300°. It should be stirred, as 
it becomes dry at this temperature; and is obtained in a crystalline 
powder, being the combination of cldoride of calcium wdth two atoms 
of water. When three parts of tliis salt are mixed with two of dry 
snow, the temperature is reduced from 32° to —50°. In attempt¬ 
ing to freeze mercury by means of this mixture, it is advisable to 
make use of not less than three or four pounds of the materials. 
When the materials are divided, and the mercury is first cooled con¬ 
siderably by one portion, it rarely fails in being frozen when trans¬ 
ferred into another portion of the mixture. For producing stiU 
more intense degrees of cold, the evaporation of highly volatile 
liquids, of liquid carbon# acid, for instance, afibrds the most 
efficient means. 
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We have now to consider the second general effect of heat—Vapori¬ 
zation, or the conversion of solids and liquids into vapour. Vapours, 
of which steam is the most familiar to us, are light, expansible, and 
generally invisible gases, resembling air completely in their mechanical 
properties, while tliey exist, but subject to be condensed into liquids 
or solids by cold. Water undergoes a great expansion when con¬ 
verted into steam, a cubic inch of water becoming, in ordinary circmn- 
stances, a cubic foot of steam; or, more strictly, one cubic inch of 
water, when converted into steam, expands into 1694 cubic inches. 

This change, like fluidity, is produced by the addition of heat to 
the body which undergoes it. But a much larger quantity of heat 
enters into vapours than into liquids, into steam than into water. If, 
over a steady fire, a certain quantity of ice-cold water requires one 
hour to bring it to the boiling point, it will require a continuance of 
the same heat for five hours more to boil it off entirely. Yet liquids 
do not become hotter after they begin to boil, however long, or with 
whatever violence the boiling is continued: for if a thermometer be 
plunged into water, and the point marked where it stands at the 
beginning of the boiling, it will be found to rise no higher although 
the boiling be continued for a long time. 

This fact is of importance in domestic economy, particularly in 
cookery; and attention to it would save much fuel. Soups, &c. made 
to boil in a gentle way, by the apidication of a moderate heat, are 
just as hot as when they are made to boil on a strong fire with the 
greatest violence; when water in a copper is once brought to the 
boiling point, the fire may be reduced, as having no further effect 
in raising its temperature, and a modemte heat being sufficient to 
})reserve it. 

The steam from boiling water, when examined by the thermometer, 
is found to be no hotter than the water itself. What, then, becomes 
of all the heat which is communicated to the wutcr, since it is neither 
indicated in the steam nor in the water ? It enters into the water, 
and converts it into steam, without raising its temperature. As much 
heat disappears as is capable of raising the temperature of the portion 
of water converted into steam 1000 degrees, or, what is the same 
thing, as would raise the temperature of one thousand times as much 
water by one degree. Tliis is now generally assumed to be the 
amount of the latent heat of steam. Dr. Black found it to be about 
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960 degrees, Mr. Watt 940 degrees, and Lavoisier ratlier more than 
1000 degrees. 

Several circumstances may be remarked during the occurrence of 
this change in water. On heating water gradually in a vessel, we first 
observe minute bubbles to form in the liquid, and rise tlnough it, 
which consist of air. As the temperature increases, larger bubbles 
are formed at the bottom of the vessel, wliich rise a little Way in the 
liquid, and then contract and disappear, producing a hissing or sim¬ 
mering sound. But, as the heating goes on, these bubbles, wliich 
are steam, rise higher and liigher in the liquid, till at last they reach 
its surface and escape, producing a bubbling agitation, or the phenome¬ 
non of ebullition. The whole process of boiling is beautifully seen 
in a glass vessel. It will be remarked that steam itself is invisible j 
it only appears when condensed again into minute drops of water by 
mixing with the cold air. 

It was first observed by Gay-Lussac, that liquids are converted 
more easily into vapour when in contact with angular and uneven 
surfaces, than when the surfaces wliich tliey touch are smooth and 
polished. He also remarked that water bods at a temperature two 
degrees higher in glass than in metal; so that if into watcT, in a glass 
flask, which has ceased to boil, a twisted piece of cold iron be 
dropped, the boding is resumed: it is only in vessels of metal that 
the boding point is regular, and should be taken in graduating ther¬ 
mometers. It has been remarked by Mr. Scryrrigeour, of Glasgow, 
that if od be present with water, the boiling point of the water is 
raised a few degrees, in any kind of vessel. A much greater eleva¬ 
tion of the boding point has been observed by M. Marcet,* in a 
glass flask, having its inner surface coated with a thin film of shellac, 
in which the temperature often rises to 221°, or even higher, before 
a burst of vapour occurs; it then sinks a few degrees, after which it 
rises again. The reason why water in these circumstances does not 
pass into vapour at its usual boding point, is not distinctly under¬ 
stood. The water appears to be in a precarious state of equdibrimn, 
as in the other analogous case, when cooled with caution in a smooth 
glass vessel considerably under its usual freezing point. Tlie intro¬ 
duction of an angular body into the water is sufficient, in either 
instance, to induce tiie suspended change. The same irregular devia¬ 
tion of the boiling point in glass vessels takes place in other liquids as 
well as water, and in some of them to a much greater extent. 


* Ann. df Cbimie, &c. 3 ser. t. 5, p. 449. 
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There is a curious circumstance in regard to boiling, which is a 
matter of common observation in some sliape or other. Wlicn a little 
water (a few drops) is thrown into a metallic cup considerably above the 
boiling point of water, the liquid assumes a spheroidal form, and rolls 
about the cup like melted crystal, without visible ebullition, being only 
slowly dissipated. The cause of the phenomenon appears to be this. 
Water exhibits an attraction for the surface of almost all solids at low 
temperatures, and wets them. Fluid mercury exhibits the opposite 
property, or a repulsion for most surfaces. The attraction of water 
for surfaces brings it into the closest contact with them, and greatly 
promotes the communication of heat by a lieated vessel to the water 
contained iti it. But heat appears to develope a repulsive power in 
bodies, and it is probable that above a particular, temperature the 
heated metal no longer possesses this attraction for water. The water, 
not being attracted to the surface of the hot metal, and induced to 
spread over it, is not rapidly heated, and therefore boils off slowdy. 
A rude mcithod of judging of the degree of heat is founded on the 
same principle^ and is seen lumiliarly exemplified in tlie laundry. 
The heat of the smoothing iron is judged of by its effects upon a 
drop of saliva let fall u[)on it. If the dro]) do uot boil, but run along 
the surface of the metal, the iron is considered sufficiently hot; but 
if the drop adheres and is rajndly dissipated, the temperature is 
considered low. 

Tlie splieroidal ebullition of liquids, which was first examined by 
Leidenfrost, in 1756, has lately received from M. Boutigny some 
striking experimental illustrations.* lie has observed that water may 
pass into spheroidal ebullition at any temperature above 340°, and 
remain in tliat state till the temperature falls to 288°; then it 
moistens the metallic capsule in which the experiment is made, and 
evaporates rapidly. The corresponding temperatures at which 
alcohol and ether pass into tlu^ spheroidal form in a heated capsule 
were found to be proportional to their points of ebullition; the tem¬ 
perature for the first being 273°, and for the second 142°. The 
ball of a thermometer being plunged in liquids while in the 
splieroidal state, indicated the temperatures—in water, of £05‘7°; 
in absolute alcohol, of 167*9°; in ether, 93*6°; in hydrochloric 
ether, 50*9°; in sulphurous acid, 13*1°; which are all several degrees 
below' the ordinary temperatures of ebullition of these liquids. When 


* AiiiiiJeH t1« Chiituc, &«. 3 stV. t. ix. p. 350; el t. xi. p. 16. 
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distilled water is allowed to fall drop by drop into snlplmroua acid in 
the spheroidal state, the water is immediately congealed into a spongy 
mass of ice, even whc.n the containing capsule is visibly red-hot. 

Tlie temperature at which any liquid boils is not fixed (like the 
melting point of solids), but depends entirely upon a particular cir¬ 
cumstance,—the degree of pressure to which the liquid is at the time 
subject. Liquids arb in general subject to the pressure of the 
atmosphere j for although the air is an exceedingly light substance, 
being 815 times lighter than water, yet by reason of its great 
quantity and height, it comes to weigh with considerable force upon 
the earth. Tliis is called the atmospheric pressure, and amounts to 
about fifteen pounds upon each square inch of surface. Tlic force 
with which air presses upon a man of ordinary size has been estimated 
at fifty tons ; yet, from aU the cavities of the animal frame being 
filled with equally clastic air, we support this great pressure without 
being sensible of it; indeed, we should suffer the greatest incon¬ 
venience from its sudden removal. Now the pressure of the atmos¬ 
phere is not always the same at tlie same place, but is found by the 
barometer to vary within the limits of one-tenth of the wdiole 
pressure. This difference affects the boiling point to the extent of 


4|- degrees. Thus, when the height of the mercury in the barometer 

is expressed by the numbers in the first 

column, water boils at the 

temperatures placed against them in the 

sccoti||bolumn. 

Barometer in inches of mercury. 

Water boils. 

27-74 . . A . 

208° 

28-29 .... 

209 

28-84 .... 

210 

29-41 .... 

211 

29-92 

212 

80-6 .... 

213 


On this account the pressure of the atmosphere must be attended 
to in fixing the boiling point of water on thermometers. Water boils 
at S12° only when the pressure of the atmosphere is equivalent to a 
column of 29‘92 inches of mercury. 

The pressure of the atmosphere will be greatest at the level of the 
sea, and will diminish as we ascend to any height above it, for then 
we have less of the atmosphere above and pressing upon us, part of 
it being below us. Hence, water boils on the tops of mountains at 
a considerably lower temperature than at their'bases. On the top 
of Mont Blanc, which is the pinnacle of Europe, water was observed 
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by Saussure to boil at 184°. In deep pits, on the other hand, water 
requires a higher temperature to boil it than at the surface of the 
earth. An instrument has been constructed for ascertaining the 
heights of mountains on this principle. • It consists essentially of a 
thermometer, graduated with great care about the boiling point of 
water, by means of which the temperature at which water boils at 
different altitudes can be ascertained with minute accuracy. A 
difference of one degree of temperature is occasioned by an ascent of 
about 550 feet, and the depression of the boiling point is accu¬ 
rately proportional to the elevation above the earth's sqrface, accord¬ 
ing to the observations of Prof. Porbcs (Edinburgh Phil. Trans, xv. 
409).* 

When the pressure on liquids is removed by artificial means, they 
boil at greatly reduced temperatures. This may be done by placing 
them under the receiver of an air-pump, and exhausting. When the 
whole air is withdrawn, liquids in general boil at about 145° under the 
temperature which they require to mahe them boil when subject to 
the atmospheric pressure. In a good vacuum water will boil at 67°. 
jlhis fact is also illustrated by a simple experiment, which any one 
may perform. A flask, containing boiling water, is closed with a 
cork, while the upper part is filled with steam. The boiling in the 
flask may be renewej^y plunging it into cold water; and the colder 
the water the briskePirill the ebullition become. But the boiling is 
instantly checked by removing the flask from the cold w^ater and 
immersing it in very hot water. On corking the flask the ebullition 
ceased, from the pressure exerted by the confined steam upon the 
surface of the water; but on plunging the flask into cold water, this 
steam was condensed, and the water began to boil under the reduced 
pressmre. On removing the flask to the hot water, the steam above 
ceased to be condensed, and by its pressm’c stopped the boiling. On 
the other hand, in a Papin's digester, which is a tight and strong 
kettle w'ith a safety valve, water may be raised to 3 or 400° wiflhout 
ebullition : but the instant that this great pressure is removed, the 
boiling commences with prodigious violence. 

The facility with which liquids boil under reduced pressure is fre¬ 
quently taken advantage of in the arts, in concentrating liquors 

* "Por the most rerent^ minute dclcnninations of the boiling point of water, under 
variations of atmospheric pressure, see the memoir of M. Rcgnanlt; Ann. do Chiniie, 
&c., serie, t. xiv. p. 196. A simple jKjrtahle npparnhis for the experiment is also 
described there. 
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which would be injured in flavour or colour by the heat necessary to 
boil them under the pressure of the atmosphere. Mr. Howard 
applied this principle in concentrating the syrup of sugar, which 
is apt to be browned when made to boil under the usual pressure. 
He thus boiled syrup at 150°, applying lieat to it in a pan covered 
by an air-tight lid, and pumping off the air and steam from the 
upper part of the pan by means of. a steam-engine. This was the 
most essential part of his patent process, by which nearly the whole 
of the loaf sugar consumed in this country has been manufactured for 
many years. 

In the same apparatus vegetable infusions may be inspissated, or 
reduced tp the state of extracts, for medical purposes, with great 
advantage. Wlien an extract is prepared in the ordinary way, by 
boiling down an infusion or expressed juice in an open vessel under 
atmospheric pressure, a considerable and variable proportion of the 
active principle is always destroyed by the high temperature and 
exposure to the air. But the extract is not injured when the infusion 
or juice is evaporated at a low temperature, and without access of 
air, and is generally found to be a more active medicine. 

The temperatures at which different liquids are converted into 
vapour are exceedingly various; but other things remaining the 
same, the boiling temperature is constant for any particular liquid. 
The following table exhibits the boiling points of a few liquids, in 
which that point has been determined with precision :— 


Hydrochloric ether 

Boiling point. 

52“ 

Ether 

96 

Sulphnrct of carbon 

118 

Ammonia (sp. gr. O'94 5) 

140 

Alcohol ..... 

173 

Water. 

212 

Nitric acid (sp. gr. 1‘42) 

248 

Ciy^stallized chloride of calcium 

302 

Oil of turpentine .... 

314 

Naphtha. 

320 

Phosphorus 

564 

Sulphuric add (sp. gr. 1'843) . 

620 

Whale oil . 

630 

Mercury ..... 

662 


The boiling point of water is uniformly elevafed by the solution of 
salts in the fluid; but much more* so by some salts than others. 
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Tables have been construeted of the boiling points of saline liquors, 
which are of useful application when it is wished to maintain a steady, 
temperature somewhat ■ above ^12°. Thus, water saturated with 
common salt (100 water to 30 salt), boils at 224°; saturated with 
nitrate of potash (100 water to 74 salt), it boils at 238°; saturated 
cold with chloride of calcium, at 264° 

When steam from water is confined, it increases in temperature, 
and acquires great force; and the experiment can only be performed 
with safety in a boiler possessed of a safety valve. This is a small 
lid ill the upper part of the boiler, properly loaded, according to the 
force of the steam to be generated. The steam of boiling water 
occasions a severe scald, if allowed to condense upon the body. But 
when steam from water under pressure, or 'Miigli pressure^' steam, 
which may be of a much higher temperature than boiling water, 
issues into the air, the hand may be directly exposed to it with 
impunity; and a thermometer placed in it shows that its temperature 
is greatly below that of boiling water. Tliis singular property of 
high pressui’c steam is connected witli the great expansion which it 
undergoes on escaping into the air from the vessel in which it was 
confined ; clastic bodies having a tendency, when escaping from a 
state of compression, to fiy asundia*, not only to their original dimen¬ 
sions, but beyond them. The steam is greatly expanded, and at the 
same time mixed with air, which prevents it from afterwards col¬ 
lapsing. Now, after being incorporated with several times its bulk 
of air, steam is not easily (joiulensed, but becomes low-pressure steam, 
and may have its condensing point reduced from sibove 212° to 120° 
or 130°. Hence the heat wliich it is capable of communicaJ^ig, 
while condensing u})on the hand held in it, is of much less 
intensity than tliat of ordinary steam, and inadequate to occasion 
scalding. 

Steam, when heated by itself, apart from the liquid which produced 
it, docs not possess a greater elasticity tliau an equal bulk of air 
confined and heated to the same degree, and may be heated to the 
temperature at which the containing vessel becomes red hot, without 
acquiring great elastic force. But if water be present, then more 
and more steam coiitiimcs to rise, adding its clastic force to that of 
1 lie vapour previously existing, so that the pressure becomes exces¬ 
sive. 

The clastic force of'stcaiii at temperatures above 212°is determiued 
b^ heating water in a stout globular vessel containing mercury, «/, 
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(see fig. ai,) and water, w, and having 
a long glass tube, t t, screwed into it, 
open at both ends, and dipping into 
the mercury, with a scale, «, divided 
into inches, applied to it. The globular 
vessel has two other openings, into one 
of wliich a stopcock, h, is screwed, and 
into the other thermometer, having 
its bulb within the globe. The water 
is boiled in this vessel for some time, 
with the stopcock open so as to expel 
all the air. On shutting the stopcock, 
and continuing the heat, the tempera¬ 
ture of the interior, as indicated by the 
thermometer, now rises above 212°, at 
which it was stationary while the steam 
generated was allowed to escape. The 
steam in the upper part of the globe 
becomes denser, more and more steam 
being produced, and forces the mercury 
to ascend in the gauge tube, i, to a 
hiught proportional to the elastic force 
of the steam. The height of the mer¬ 
curial column is taken to express the 
elastic force or pressure of the steam 
produced at any particular tempera¬ 
ture above 212°. The weight of the 
atmosphere itself is equivalent to a 
column of mercury of 30 inches, and this pressure has been overcome 
by the steam at 212°, before it began to act upon the mercurial 
gauge. For every thirty inches that the mercury is forced up in the 
gauge tube by the steam, it is said to have the pressure or elastic 
force of another atmosphere. Thus, when the mercury in the tube 
stands at thirty inches, the steam is said to be of two atmospheres . 
at 45 inches, of two and a half atmospheres; at 60 inches, of three 
atmospheres, and so on. 

Experiments have been made on the elaistic force of steam by 
Professor Kobinson, Mr. Southern, Mr. Watt, and others; but all 
preceding results have been superseded by those of a commission of the 
Trench Academy, consisting of MM. Dulong and Arago, appointed 
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by the Preiich goveriunent to investigate the subject^ from its im¬ 
portance in connexion with the steam engine*. Their results, which 
are expressed in the following table, were obtained by experiment, up 
to a pressure of ^5 atmospheres. The higher pressures were calcu¬ 
lated by extending the progression observed at lower temperatures. 


Elasticity of Steam 
taking Atmospheric 
Pressiu’c as Uriity. 


Temp. I'alir. 

Elasticity of Steam 
taking Atmospheric 
Prcssui'C as Unity. 

Temp. Fal 

1 


213.0 

13 

380.66 

li 


333.96 

14 

386.94 

3 


250.63 

15 

392.86 

n 


263.84 

16 

398.48 

3 


275.18 

17 

403.82 

3i 


285.08 

18 

408.92 

4 


293.73 

19 

413.78 

/ 1,1 


300.28 

20 

418.46 

5 


307.5 

21 

423.96 

Oa 


314.24 

22 

427.28 

0 


320.36 

23 

431.42 

Gi 

• 

326.26 

24 

435.56 

7 


331.70 

25 . . 

439.34 

74 


336.86 

30 . . 

457.16 

H 


341.78 

35 . . 

472.73 

a 


3.50.7S 

40 . . 

486.59 

10 

a 

358.88 

1 45 . . 

491.14 

11 

13 


360.85 

374.00 

; 50 . . 

510.60 


Some curious experiments were made by M. Cagnard de la Tour 
on the vapour from various liejuids at very high temperatures, and 
under great prcsSui’es. lie fdled a small glass tube in part with 
('thcr, alcohol, or water, and scaled it hermetically. The tube was 
tlien exposed to heat, till the liquid passed entirely into vapour. 
Ether became gaseous in a space scarcely double its volume at a 
temperature of 3^0°, and the vapour exerted a pressure of no more 
than 38 atmospheres. Alcohol became gaseous in a sjjace about 
thrice its volume at the temperature of 401^°, udth a pressure of 
about 139 atmospheres. Water acted chemiciiUy on the glass, and 
broke it; but adding a little carbonate of soda to it, the water became 
gaseous in a space four times its volume at the temperature at which 
zinc melts, or about C IS®. These rcsidts arc singular, in so far as 
tile pressure or elastic force of the vapours proves to be much smaller 
than that which fcorresponds with their calculated density. It thus 


Aniialcs de Chimie, Ac. 2 gdr. t. xliii. p. 374. 
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appears that highly compressed vapours lose a portion of their 
elasticity, or yield more to a certain pressure than air, by calculation, 
would do. 

A measure is obtained of the quantity of latent heat in steam by 
observing the degree to which it heats up a mass of water when con¬ 
densed in it. Cold water is easily made to boil by placing the open 
end of a pipe. from a steam-boiler in it, and causing the steam to 
blow tlmough it for a sufficient time. If a measured quantity of 
water at amounting to 11 cubic inches, is heated up to 212° in 
this manner, it is found that the volume is increased to 13 cubic 
inches by the condensed steam.. Consequently, 11 cubic inches of 
water are heated up from 32° to 212°, or one hundred and eighty 
degrees, by 2 cubic inches of water in the form of steam. But if, 
for comparison, 2 cubic inches of boiling hot water be substituted 
for the steam, and added to 11 cubic inches of cold water, the tem¬ 
perature of the latter is raised no more than about tw^enty-eight 
degrees. In both experiments, however, the temperature of the 
steam, and of the boiling water added, was the same, or 212°; the 
difference of their heating effects depends entirely upon the latent 
heat which the former possesses, in addition to its sensible tempera¬ 
ture, and abandons to the cold water on condensing. 

Li the condensing experiment 2 cubic inches of water in the form 
of steam raised the temperature of 11 cubic inches of water one 
hundred and eighty degrees, or 1 of steam raised the temperature of 
5^ of w^ater to tliat amount. As it follows that one part of steam 
would heat one part of w'ater, 5^ times 180, or 900 degrees, it ap¬ 
pears that steam possesses as much heat latent as might raise its own 
temperature to that amount on becoming sensible. 

The latest, and probably most exact, determinations which we pos¬ 
sess of the latent heat of the vapours of water, and other liquids, arc 
those of M. Brix of Berlin, (Poggendorff’s Annalen, Iv.) lie em¬ 
ployed the apparatus represented in Pig. 22. The refrigeratory to 
contain the cold condensing water consists of a cylindrical vessel, 
A C, 3 inches in diameter and 3 inches deep. The steam from a 
small retort R does not pass directly into the water of the refrigera¬ 
tory, but is conveyed by the spout M into an inner hoUow cylinder 
E G, of a ring-formed basis, which has an opening into the atmos¬ 
phere by the tube L, by which the air it contains finds vent on the 
arrival of the vapour. The condensing water is agitated by means 
of a thin disc of metal B, attached to a vertical rod, the upper end 
of which passes tlirough the cover of the refrigeratory. A known 
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quantity of cold water being 22. 

introduced into this refrigera¬ 
tory, its temperature is accu¬ 
rately observed by the included 
thermometer. In conducting 
the experiments it was * ar¬ 
ranged that the tem 2 >eraturc 
of the condensing water should 
at tirst be a few degrcics below 
that of the atmosphere, and 
vapour W51S thrown into the 
inner receiver by boiling a 
weighed portion of liquid in 
11, till the temperature of the 
condensing water rose as many 
degrees above that point. Tlie 
weight of liquid distilled was 
then found by weighing the 
retort R witli what remained, 
and ascertaining the loss; and 
the latent heat calculated by increasing the rise of temperature ob¬ 
served in the refrigeratory, in the same proportion as the weight of 
the condcnsiiig water in the refrigeratory exceeds that of the liquid 
distilled from the retort. 

Tlic following are the mean results which M. Brix obtained by this 
method, several experiments being made upon each liquid ;—. 



Equal weights. 

^Vatcr 

Alcohol 

Ellicr 

Oil of turjicntiiic 
Oil of lemons 


Latent heat of vapour. 
972 degrees 

385.2 " 

162 

133.2 “ 

144 ‘ “ 


Despretz, who at an etulier period had also made very careful ex¬ 
periments on several of the same liq^...;:, gave the following estima¬ 
tions of latent heat;— 


Equal weights 
"Water 
Alcohol 
Ether 

Oil of turpentine 


Latent heat of vapour. 
. 955.8 degrees 

374^4 » 

174.6 " 

138.6 “ 
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Dulong obtained for the latent heat of the vapour of water 977.4 
degrees. 

It is to be further remarked, that equal weights of these liquids 
yidd very different volumes of vapour, owing to the different specific 
gravities of the latter; and the densest vapours appear to have 
generally the least latent heat. According to the table of M. Brix, 
*the latent heat of the vapour of water is 972 degrees, while tliat of 
the vapour *of alcohol is 385 degrees ; or water-vapour has for ecjual 
weights about 2.5 times more latent heat than alcohol-vapour. The 
specific gravity of alcohol-vapour, on the other hand, is about 2.5 
times greater than that of water-vapou#, taking the former at 1589.4, 
and the latter at 622^; consequently equal volumes of these two 
vapours possess equal quantities of latent heat. 

If the latent heat of different vapours be proportional to their 
volume, as these numbers seem to indicate, the same bulk of 
vapour arill be produced from all liquids with the same expendi¬ 
ture of heat; and hence there can be no advantage in substituting 
any other liquid for water, as a source of vapour, in the steam-engine. 

The latent heat of the vapour of water itself increases with its 
rarity at low temperatures, and diminishes with its increasing density 
at high temperatures. Water may easily be made to bod in a vacuum 
at the temperature of 100°, but the steam produced is much more 
expanded and rare than that produced at 212°, and has a greater 
latent heat. Hence there is no fuel saved by distdHng in vacuo. It 
has been shovm, by Mr. Sharpe, of Manchester, that whatever be the 
temperature of steam, from 212° upw'ards, if the same w eight of it 
be condensed by water, the temperature of the water wdl ahvays be 
raised the same number of degrees; or the latent and sensible heat 
'of steam, added together, amount to a constant quantity. We may 
hence deduce a simple rule for ascertaining the latent heat of steam 
at any particular temperature. The sensible heat of steam at 212° 
may be assumed at 212 degrees, neglecting the heat' which it has 
below zero Fahrenheit, and the latent heat of such steam is 1000 
degrees, of which the sum is 1212 degrees. To calculate the latent 
heat of steam at any particular temperature above 212°, subtract the 
sensible heat from tliis constant number 1212. Thus the latent 
heat of steam at 300° is 1212—300, or 912 degrees. The same 
relation* between the latent and sensible heat of vapour appears to 
exist at temperatures below 212°, and the latent heat of vapour, 
below that temperature, may therefore be calculated by the same 
rule* 
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Latent Beat of 

Temperature. Equal Weights of Steam 


0 ° 

• 



• * 


. 1212 degr 

32 




• • 


. 1180 “ 

100 

« 



« • 


.* 1112 “ 

160 . 

■ 



A 

• • 


. 1062 “ 

212 




« » 


. 1000 “ 

260 

• 



• • 


962 " 


The latent heat of other vapours, such as that of alcohol, ether, 
and oil of turpentine, has been found by Despretz to vary according 
to the same law. 

♦ 

From the large quantity of heat which steam possesses, and the 
facility with which it imparts it to bodies colder than itself, it is 
mbch used as a vehicle for the communication of heat. The tem¬ 
perature of bodies heated by it can never be raised above 212>° i so 
that it is much preferable to an open fire for heating extracts and 
organic substances, all "danger of empyreuma being avoided. When 
applied to the cooking of food, the steam is generally conveyed into 
a shallow tin box, in the upper surface of which are cut several round 
apertures, of such sizes as admit exactly the pans with the materials 
to be heated. The pans are thus surrounded by steam, which con¬ 
denses upon them with great rapidity, till their temperature rises 
to within a degree or two of 212°. Tor some purposes, a pan con¬ 
taining the matters to be heated is placed within another and similar 
larger one, and steam admitted between the two vessels. Manufac¬ 
tured goods also are often dried by passing them once over a series 
of metallic cylinders, or of square boxes filled with steam. Tacto- 
rics are now very generally heated by steam, conveyed through them in 
cast-iron pipes. It has been found by practice that the boiler to pro¬ 
duce steam for this purpose must have one cubic foot of capacity for 
every 2,000 cubic feet of space to be heated to a temperature of 7 0° or 
80°; and that of the conducting steam pipe, one square foot of sur¬ 
face must be exposed for every 200 cubic feet of space to be heated. 

The expansion of water into steam is used as a moving power in 
tlie steam engine. The application is made upon two difierent prin¬ 
ciples, .both of which may be illustrated by the little instrument 
depicted on tlie margin. ' It consists of a glass tube, about an inch 
in diameter, slightly expanded into a bulbous form at one extremity, 
and open at the other (Tig. 23 ); a piston is made, by twisting tow 
about the end of a piece of straight wire, wliich must be fitted tightly 
in the tube by the use of grease. Upon heating a little water in the 
bulb below the piston steam is generated, which raises the piston 
to the top of tlie cylinder. Here the simple elastic form of the steam is 
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Tio. 23. the moving power; and in tliis manner steam 

is employed in the high pressure engine. The 
greater the load upon the piston^ and the more 
. the steam is confined^ the greater does its elas¬ 
tic force become. Again : the piston being at 
‘ the top of the cylinder, if wc condense the 
steam with which the cylinder is filled, by 
jilunging the bulb in cold water, a vacuum is 
produced below the piston, which is now forced 
down to the bottom of the cylinder, by the pres¬ 
sure of the atmosphere. In tliis second part 
of the experiment, the power is acquired by the 
condensation of the steam, or the production of a vacuum j and tliis 
is the principle of the common condensing engine. In the first 
efficient form of the condensing engine (that of New’comen) the 
steam was condensed by injecting a little cold water below the piston, 
which then descended, from the pressure of the atmosphere upon its 
upper surface, exactly as in the instrument. But Mr. Walt intro¬ 
duced two capital improvements into the construction of the con¬ 
densing engine; the first was, the admitting steam, instead of at¬ 
mospheric air, to press down the piston tlirough the vacuous cylinder, 
w'hich steam itself could afterwards be condensed, and a vacuum be 
produced above the piston, of which the same advantage might be 
taken as of the vacuum below the piston. The second was, the ef¬ 
fecting the condensation of the steam, not in the cylinder itself, which 
was thereby greatly cooled, and occasioned the waste of much steam 
in being heated again at every stroke; but in a separate air-tight 
chamber, called the condenser, which is kept cool and vacuous. Into 
this condenser the steam is allowed to escape from above and from 
below the piston alternately, and a vacuum is obtained without ever 
reducing the temperature of the cylinder below 

A third improvement in the employment of steam as a moving 
power consists in using it exjifinsiveli/; a mode of application which 
will be best understood by being explained in a particular case. Let 
it be supposed that a piston, loaded with one ton, is raised four feet 
by filling the cylinder in which it moves with low-pressure steam, or 
steam of* the tension of one atmosphere. An equivalent eflect may 
be produced at the same expense of steam, by filling one-fourth of 
the cylinder with steam of the tension of four atmospheres, and 
loading the piston with four tons, which will be raised one foot. 
But the piston being raised oiic foot by steam of four atmospheres, 
and in the position represented in Big. 24, the supply of steam 
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..#or 


..4 or 3 


4 aimos. 


may be cut off, and the piston will continue to be elevated in the 
cylinder by the simple expansion of the steam below it, although with' 
a diminishing force. When the piston has been" raised another foot 
in the cylinder, or two feet from- the bottom, the volume of the steam 
Fig. 34 . will be doubled, and its tension con¬ 

sequently reduced from four to 
or two atmospheres. At a height 
or 1 atmos. of three feet in the cylinder, the 
piston will have steam below it of 
the tension of ^ on 1-^ atmosphere, 
and when the piston is elevated four 
feet, or reaches the top of the cylin¬ 
der, the tension of the steam below 
it will still be or one atmosphere. 
The piston has, therefore, been 
raised to a height of three feet, with a 
force progressively diminishing from 
four atmospheres to one, or with an 
average force of two atmospheres, by means of a power acquired 
without any consumption of steam; but by the- expansion merely of 
steam that had already produced its usual effect.* 

The boiler used to produce the 
steam is constructed of different 
forms. The cylinder boiler, of 
which a section is given in figure 
25, was found the most economi¬ 
cal for the great steam-engines 
at the Cornish mines, and its 
use is extending in other quarters. 
It consists of two cylinders, one 
witliiu the other, the smaller cy¬ 
linder containing the fire, and 
the space between the two cylinders being occupied by the water. 
Tile outer cylinder may be six feet in diameter, and is often fifty or 
sixty feet in length. The heated air from the fire, after traversing 



Fio. 25. 



* For the mathematical theory of the stcam-ciigiiic, see a Memoir on the Motive 
Power of Heat, by E. Clapeyron, Taylor’s Scientific Memoirs, vol. i. p. 347; a memoir 
on. the Heat and Elasticity of Gases and Vapours, by C, Holtzmann, ibid. vol. iv. p. 169; 
Exiierimeuts on the Expansive Force of Steam, by Prof. G. Magnus, ibid. p. 218 ; and 
on the P’orcc requisite for the Production of Vapouj-s, by the same, ibid. p. 235. 
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the inner cylinder, is conducted under the boiler by the flues o, o, 
before it is conveyed to the chimney. 

In locomotive steam-enginesj where the principal object is to 
•generate steaili in a small and compact apparatus with great rapidity, 
a different construction is adopted. Here the boiler consists of two 

parts, a square box with a double 
casing (of which a section or end 
view is given in figure 26), which 
contains the fire /, surrounded by 
a thin shell of water in the space e e, 
between the casings ; and a cylinder 
«, through the lower part of which 
pass a number of copper, tubes of 
small size, which communicate at 
one end with the fire-box, and at 
the other with the chimney, and 
form a passage for the heated air 
from the fire to the chimney. By 
means of these tubes, the object is 
accomplished of exposing to a source of heat the greatest possible 
quantity of surface in contact with the water .—('See Dr. Lardner 
on the Steam-Engine : Cabinet OycloptediaJ. 

The subject of distillation is a natural sequel to vaporization; but 
it is unnecessary to enter into much detail. The principal point to 
be attended to is the most efficient mode of condensing the vapour* 
Figure 27 represents the ordinary arrangement in distilling a licinid 
from a retort a, and condensing the vapour in a glass flask J, which 


I'm. 26. 



Fio. 27 . 



is kept cool by water dro])ping upon 
it from a funnel above, c. T]\e 
condensing flask is covered by 
bibulous paper, so that the water 
falling upon it may be made to pass 
equally over its surface, and it is 
supported in a basin likewise con¬ 
taining cold water. 

But a much superior instrument 
to the condensing flask is the con¬ 
densing tube of Professor Liebig, 
(fig. 28). This is. a plain glass 
tube, t t, about thirty inches in 



VAPOmZATION. 


63 


Fig. 28. 



length, and one inch internal diameter, which is enclosed in a larger 
tube, of brass or tin-plate, about two feet long and two indies in 
diameter, the ends of which are closed by perforated corks, made 
fast by a mixture of white and red lead wth a drying oil, a resinous 
cement being useless for such a junction. Or, the lower opening 
may be contracted by a collar of tin-plate, not much wider than the 
glass tube, and the two be united by a strdng ring of sheet 
caoutchouc. A constant supply of cold condensing water from a 
vessel a is introduced into the space between the two tubes, being 
conveyed to the lower part of the instrument by the funnel and tube 
/, and flowing out from the upper part by the tube g. The con¬ 
densed Uquid drops quite cool from the lower extremity of the glass 
tube, where a vessel is placed to receive it. The spiral copper tube 
or worm which is used for condensing in the common still is com¬ 
monly made longer than is necessary, and, from its form, cannot be 
examined, and cleaned like a straight tube. Much vapour may be 
condensed by a small extent of surface, provided it is kept cold by an 
ample supply of condensing water. 

Fig. 29. Both the outer and 

inner tube may be of 
glass in the condensing 
apparatus which hasbeen 
described, and then the 
small tubes to bring and 
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carry off the condensing water may be made to pass through openings 
in the-corks, which they fit, as represented in figure 29. 

, ’ EVAPOTIATION IN VACUO. 

Water rises rapidly in vapour into a vacuous space, without the 
ajipearance of ebullition, at all temperatures, even at 32°, and greatly 
lower. Its elastic force increases as the temperature is elevated, till 
at 212° it is equal to that of the atmosphere, or capable of supporting 
a column of mercury thirty inches in height. Various other solid and 
liquid substances emit vapour in similar circumstances ; such as cam¬ 
phor, alcohol, ether, and oil of turpentine. Such bodies are said to be 
volatile^ and other bodies, such as marble, the metals, &c. which 

do not emit a single vapour at the tem¬ 
perature of the air, are said to be All 

bodies which boil at low temperatures belong 
to the volatile class. An accurate estimate 
of the volatility of different bodies is obtained 
by determining the elastic force of the vapour 
which they emit in the vacuous space above 
the column of mercury in the barometer. If 
we pass up a bubble of air into the vacuum 
of the barometer, above the mercurial column, 
standing at the time at a height (jf 30 inches, 
the mercury is depressed, we may suppose, to 
the level of 29 inches, or by one inch. Tliis 
would indicate that the air, by rising above 
the mercury, has been expanded into thirty 
times its former bulk, or that the elastic 
force of this rare air is equal to a column of 
one inch of mercury, "^e elastic force of 
vapour is estimated in the same manner. A 
few drops of the liquid operated upon are 
passed up into the vacuum above the mcr- 
curiEd column, which is depressed in pro¬ 
portion to the elastic force of the vapour. The depression produced 
by various liquids is very different, as illustrated in the annexed figure, 
representing four barometer tubes, in which the mercury is at its 
proper height in No. I; is depressed by the vapour of water of the 
temperature 60° in No. 2; and by alcohol and ether at the ssune 
temperature in Nos. 3 and 4 respectively. 
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The depreJ3sion of the' mercurial column produced by water at every 
degree of temperature, between 32° and 212°, was first determined by 
Br. Dalton, afterwards by M. Kaemtz*, and again quite recently by 
M. Regnaultf. nic following selected observations prove that the 
elasticity increases at a very rapid rate with the temperature. 

VAPOUR OB' WATER IN VACUO (RegnauH). 

Temperature. Tension in Millimeters and English 

. . inches of Mcrcuiy. 


Centig. 

Fahr. 


Millimeters. 

English Inches 

—30° 

. —22° 


0-365 

. 0-0144 

—25° 

. —13° 


0-653 

. 0-0218 

—20° 

. —4° 


0-841 

. 0-0331 

—15° . 

5° 


. 1-284 

. 0-0506 

—10° 

14° 


. 2-078 

, 0-0818 

—5° . 

23° 


. 3131 

. 0-1233 

0° 

32° 


. 4-600 

. 0-1811 

5° 

41° 


6-534 

. 0-2573 

10° . 

50° 


. 9-165 

. 0-360S 

15° 

59° 


. 12-699 

. 0-5000 

20° 

08° 


. 17-391 

. 0-6847 

25° 

IT 


. 23-550 

. 0-9272 

30° 

86° 


. 31-548 

. 1-2421 

35° . 

95° 


. 41-827 

. 1-6468 

60° 

. 140° 


. 148-791 

. 5-8583 

85° 

. 185° 


. 433-041 

. 70488 

100° 

. 212° 


. 760 000 

. 29-9220 


The vapours of other liquids increase in density and elastic force 
with tlie temperature, as well as the vapour of water; but each 
vapour api>ears to follow a rate of progression peculiar to itselff. 

Tlic assumption of latent heat by such vapours is evinced in some 
processes for producing cold. Water may be frozen by the evajmra- 
tion of ether in the air-pump, and a cold produced of 55 degrees 
iiTider the zero of Fahrenheit by the evaporation of that fluid. Tlie 
etlier vapour drives its store of latent heat from the remaining fluid 
and contiguous bodies, which being robbed of their heat, suffer a great 
refrigeration. To sustain the evaporation of this fluid, it is necessary 
to withdraw the vapour as it is produced by continual pumping. 'J'he 
volatile liquid, sulphuret of carbon, substituted for ether, produces 
even greater effects. 

Kiicintzj Meteorology, edited by C. Widkcr, p. (19. 

t Aniiales dc Chiinic, 8d 8«5r. t. xi. p. 335; and t. xv. p. 139. 

X Tor the tension of the vapojir of nierenty at different temperatures, see a memoir 
of M. Avogadro, Annalra de Chimic, &c. 2 ser. t. xliv p. 369. For other vapours, the 
article Dampf, in the Ilnndwortcrbuch der Chemio, &c. of Liebig, Poggendoi’ft^ and 
Wiihlcr; and the , memoir by Mr. Faraday, On the Liquefaction and Solidification of 
llodica generally existing as Gases (Philos. Trans. 1845, p. 155). 
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On the same principle is founded Leslie's elegant process for the 
freezing of water by its own evaporation, within the exhausted receiver 
of an air-pump, the evaporation being kept up by the absorbent 
power of sulphuric acid. A little M'ater in a cup of porous stone¬ 
ware is supported over a 
shallow basin containing 
sulphuric acid (fig. 31)- 
All that is necessary is 
to produce a good ex¬ 
haustion at first: the 
processes of evaporation 
and absorption tlien go 
on spontaneously, in an 
uninterrupted manner. Yarious bodies, whicli have a powerful 
attraction for watery vapour, may be used as absorbents, such as 
parched oatmeal, the powder of mouldering wliinstone, and even dry 
sole leather, by means of any one of wdiicli a small ([uantity of water 
may be frozen, during summer, in the exhausted receiver of an air 
pump. No substance, however, is superior, in this respect, to con¬ 
centrated sulphuric acid. When this liquid bcconuis too dilutee to 
act powerfully as an absorbent, it may be rendered again fit for use, 
by boiling it and driving off the water. I6c might be procured in 
quantity, in a W'arm climate, by this process. The necessary vacuum 
would be most easily commanded, on the large scale, by allowing the 
receivers to communicate with a strong drum, filled with steam 
wdiich could be condensed. 



In the CryophoruH of Dr. WoUaston, w ater is also frozen by its 
own evaporation. This instrument consists of two glass bulbs, con- 
Fio. 32. nected by a tube, and 

_ —. containing a portion of 

water, as represented in 
figure. The air is 

first entirely expelled from the instrument by boiling the water, in 
both bulbs, at the same time, and allowing the steam to escape by a 
small opening at the extremity of the little projecting tube e. While 
the instrument is entirely fiUed with steam, the i)oint of e is fused by 
the blow-pipe flame, and the opening hermetically closed. In expe¬ 
rimenting with this instrument, the water is all poured into one bulb, 
and the other, or empty bulb? placed in a basin containing a mixture 
of ice and salt. The vapour in the cooled bulb is condensed, but its 
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place is supplied by vapour from the water in the otlier bulb. A 
rapid evaporation takes place in the water bulb, and condensation in 
the empty bulb, till the water in the former bulb is cooled so low as 
to freeze. The instrument derives its name of the cryophorus, or 
frost-bearer, from this transference of the cold of the bulb in the 
freezing mixture to the bulb at a distance from it. 

The question arises, do those bodies which evaporate at a moderate 
temperature continue to evaporate at all temperatures, however low. 
The opinion has prevailed, that bodies which arc decidedly vaporous 
at high temperatures, such as sulphuric acid and mercury, never cease 
to evolve vapour, however far their temperature may be depressed, 
although the quantity emitted becomes less and less, till it ceases to 
be appreciable by our senses. Even fixed bodies, such as metals, 
rocks, &c., have been supposed to allow an escape of their substance 
into air at the ordinary temperature; and hence the atmosphere has 
been supposed to contain traces of the vapours of all the bodies with 
which it is in contact. Certain researches of Mr. Earaday, published 
in the Philosophical Transactions for 1826, on the existence of a 
limit to vaporization, establish the opposite conclusion. Mercury 
was found to yield a small quantity of vapour during summer, at a 
temperature varying from 60° to 80°, but in winter no trace of 
vapour could be detected. Mr. Paraday has proved that several 
chemical agents, which may be volatized by a heat between 300° and 
too®, did not undergo the slightest evaporation when kept in a con¬ 
fined space with water during four years. 

Bodies, therefore, cease all at once to emit vapour, at some par¬ 
ticular tempiirature. In mercury, this temperature lies between 40° 
and 60® Fahrenheit. But a progressive and endless diminution of 
vaporizing power is certainly more natural than an abrupt cessation. 
What puts a stop to vaporization ? it may be asked. Liquids, wc 
know, have a certain attraction for their own particles, evinced ’.a 
their disposition to collect into drops. The particles of solids are 
attracted more powerfully, and cohere strongly together. Mr. Faraday 
is of opinion, that when the vaporizing power becomes weak, at 
low temperatures, it may be overcome and negatived completely by 
this cohesive attraction, and no escape of particles in the vaporous 
form be permitted: 

This supjiosition is conformable with the views of corpuscular 
philosophy which were entertained by Laplace. According to that 
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profound philosopher, the form of aggregation which a body affects 
depends upon the mutual relation of tliree forces; 1. The attraction 

of each particle for the other particles which surround it, which 
induces them to approach as near as possible to each other. 2. The 
attraction of each particle for the heat which surrounds the other 
particles in its neighbourhood. 3. The repulsion between the heat which 
surrounds each particle, and that which surrounds the neighbouring 
particles—a force which tends to disunite the particles of bodies. 
Wlien the first of these forces prevails, the body is solid; if the 
quantity of heat augments, the second force becomes dominant, the 
particles then move among each other with facility, and the body is 
liquid. While this is the case, the particles are still retained by the 
attraction for the neighbouring heat, w'ithin the limits of tlie space 
which the body formerly occupied, except at the surface, where the 
heat separates them, that is to say, occasions evaporation, till the 
influence of some pressure prevents the separation from being effected. 
When the heat increases to such a degree tliat the reciprocal repul¬ 
sive force prevails over the attraction of the particles for one another, 
they disperse in all directions, as long as they meet no obstacle, and 
the body assumes the gaseous form. Berzelius adds the nfllcction, 
that if, ill that gaseous state into which Cagnard de la Tour reduced 
some volatile liquids, the pressure does not correspond with the 
result of calculation, that diflerenco may depend on this : that, as the 
particles have not an opportunity to recede much, the two first forces 
continue always to act, and oppose the tension of the gas, which does 
not establish itself in all its power uidess when the particles are so 
distant from each other as to be out of the sphere of the influence of 
these forces.* 


GASES. 

Permanent gases, such as atmospheric air, unquestionably owe 
their elastic state to the possession of latent heat. But the theory 
of the similar constitution of gases and vapours, although supported 
by strong analogies, was not generally adopted by chemists, till it 
was experimentally confirmed by Paraday, who first liquefied several 
of the gases.t His method was to generate the gas in one end of 

* Traito dc Chimic, par J. J. Berzelius, t. i. p. 85. 

t Philosophical Transactions, 1823, pp. 160, 189 ; and 1845, p. 156. 
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a strong glass tube, bent in the 
middle, as represented (fig. 33 ); 
and hermetically sealed. The gas 
accumulating in a confined space, 
comes to exert a prodigious pres¬ 
sure ; an effect of wliich is, that a portion of the gas itself condenses 
into a liquid in the end of the tube most remote from the materials, 
which is kept cool wdth that view. Considerable danger is to be 
apprehended by the operator in conducting such experiments, from 
the bursting of the glass tubes, and the face ought always to be pro¬ 
tected by a wire-gauze mask from the effects of an explosion. The 
names of the gases which were liquefied in this manner, are sulphu¬ 
rous acid, cyanogen, chlorine, ammoniacal gas, sulphuretted hydro¬ 
gen, carbonic acid, muriatic acid, and nitrous oxide ; which required 
a degree of pressure varying, in the difterent gases, from twm atmos- 
])hcres, in the first mentioned, to fifty atmospheres, in the last men¬ 
tioned gas, at the temperature of 45°. The liquefaction of several 
of these gases has since been effected by tlie application of cold alone, 
without compression. 

The juinciple of Faraday^s condensing tube has been embodied in 
the machine of Tliilorier for the liquefaction of carbonic acid gas.* 
It. consists (fig. 34) of two similar cylindrical vessels of wrought 
iron, a and A, made exceedingly strong, of the capacity of about 
three-fourths of a gallon, each of which is provided wdtli a peculiarly 
constructed sto])cock, being a spherical plug of lead on a spindle 
wliicli can be screwed down, by turning the handle above, into a 
sj)hcrical cavity of brass-w^ork, having at its base a tubular opening 
into the cylinder, wliich is thus closed There is also a connecting 
t ube of copper f?, the ends of which can be attached by screws to the 
discharging orifices of the stopcocks, so as to unite the two cylinders 
when necessary. The stopcock being removed from one of 
cylinders a, which is called the generator, a charge is introduced, 
consisting of two pomids of jmlvcrulent bicarbonate of soda and 
thrive pounds of water at the temperature of 90°. After stirring 
these w^ell together with a W'ooden rod, a quantity amounting to one 
poiuid three ounces of undiluted oil of vitriol is added, the latter 
being contained in a long cylindrical vessel of brass, sulficiently 
narrow to enter the generator, into w’hich it is carefully let down by 
a hook without spilling. The stopcock being now applied to the 

* Aiinalcs de Chiinic, &c. 1835, lx. 427, 432. 
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Fig. 34. 



mouth of the generator, and firmly screwed do^vn upon it, w ith the 
intervention of a leaden washer, the generator is turned round upon 
its supporting pivots, so as completely to invert it; the brass measure 
within is thus canted over, and the acid which it contained mixed 
with the solution of soda. The carbonic acid of the salt, which 
amounts to half its weight, is thus disengaged, and accumulates with 
great elastic force in the vacant part of the generator. The charge 
of gas is then transferred to the other large cylinder, wliich is used 
as a receiver, by attacliing it to the generator by the connecting tube, 
and after the lapse of five minutes, opening the stopcocks of both. 
It is advisable to have a woollen case or bag about the receiver, to 
fragments of ice for cooling it. The cyhnders may again be 
separated, after shutting the stopcocks, and the same operations 
repeated. After two or three charges of gas are conveyed into the 
receiver, the pressure of the latter becomes sufficient to liquefy the 
gas; and after five or six charges the receiver may contain several 
pints of liquid carbonic acid. The receiver being finally detached 
is set aside, and the lic^uid it contains preserved for use. 

"When this highly volatile liquid is allowed to escape into air it 
evaporates so readily that one portion is instantly resolved into gas, 
and another portion is cooled so low by the heat thus abstracted as to 
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freeze. I’rom the stopcock of the receiver h, a small tube, shewn in 
the figure, descends to near the bottom and dips into the liquid; so 
that upon opening the former it is the liquid, and not gaseous 
carbonic acid, which escapes. A nozzle, c?, being apjilied to the 
receiver, the stream of liquid is directed into a small cylindrical box 
of thin copper, c, with hollow wooden handles, which is soon filled 
with solid carbonic acid, in the form of a white substance like 
snow, or more closely resembling anhydrous phosphoric acid, from 
its opacity and entire want of crystallization. 

Solid carbonic acid is a very bud conductor of heat, and may, 
therefore, be handled without injury, althoiigli its temperature is 
supposed to be so low as —100°C.,or—14<8°Eahr.; and also preserved 
ill the air for hours, if a considerable mass of it in a glass vessel be 
placed within another similar and larger glass vessel, with any non¬ 
conducting material between them. When applied to produce cold, 
in order to give it contact ^e solid carbonic acid is mixed with a 
little ether, with which it uintes and forms a soft semifluid mass 
like half melted snow, capable of abstracting heat and evaporating 
rapidly, by means of which mercury can be frozen in large quantities, 
and an alcohol thermometer sunk in the ojieii air so low as —185" 
(Tliilorier). The apparatus of Thiloricr forms thus an invaluable cold- 
jn’oducing machine. ‘ 

Mr. Earuday lias since produced a still lower degree of cold by 
jdfwang a bath of Thiloricr’s mixture of solid carbonic acid and ether 
in the r(!ceiver of an air-pumi>, from which the air and gaseous carbonic 
acid were rapidly removed, TTic bath consisted of an earthenwai-e 
dish of the capacity of four cubic inches or more, wdiich was fitted info 
a siitiilar dish somewhat larger, Avith three or four folds of dry flannel 
intervening; with the mixture iu the inner dish such a bath lasted 
fur twenty or thirty minutes, retaining solid carbonic acid the Mdiole 
time. An alctdiol thermometer placed in the bath, merely covered 
with paper, fell to —10(5°; and in the air-pump receiver, exha^^sted to 
within 1'3 inch mercury of a vacuum, the thermometer fell to—1(30°; 
or a cold of 00 degrees additional was produced by promoting the 
evaporation in tliis manner. At this low temperature the solid car¬ 
bonic acid mixed with ether, was not more volatile than water at the 
temperature of 86°, or alcohol at ordinai'y temperatures. 

By combining this extreme cooling power with the effect of 
mechanical pressure upon gases, several most interesting results were 
obtained. To produce the pressure, Mr. Faraday employed two con- 
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densing syringes, fixed to a table, the first having a piston of an inch 
in diameter, and the second a piston of only half an inch in diameter; 
and these were so associated by a connecting pipe, that the first pump 
forced the gas into and through the valves of the second, and then 
the second could be employed to throw forward this gas, already con¬ 
densed to ten or twenty atmospheres, into its final recipient, the 
condensing tube, at a much liigher pressure. 

The condensing tubes were of green bottle glass, being from ^th to 
4th of an inch external diameter, and from -^i^d to -g-^th of an inch 
in thickness. Tliey were of two kinds, about nine and eleven inches 
ill length : one, in form like an inverted syphon (fig. 35), could have 
the bend cooled by immersion into a cold bath, and the 
other, horizontal (fig. 36), having a curve downward 
near one end to be cooled in the same manner. Into 
the longest leg of the syphon tube, and the straight part 
of the horizontal tube, mnute pressure, gauges were 
introduced when requires The caps, stopcocks, and 
connectors, were attached to the tubes by common 
cement,* and the screw joints made tight by leaden 
M’^ashers. 

With the apparatus described, olefiant gas, which 
had not previously been liquefied, was condensed into a 
colourless transparent fluid, but did not become solid at 
the lowest temperature. The tension of its vapour was 4<’6 atmospheres 
at —105°, and 26*9 atmospheres at 0° Eahr .; but Mr. Eai-aday is 

36. doubtful whether the 

condensed fluid can 
be considered as one 
uniform body. Ily- 

driodic acid gas, which is easily liquefied, having a tension of 2*9 
atmospheres only at 0° Fahr., was found to freeze at —60°, and to form 
a clear, icolourless solid, resembling ice. Hydrobromic acid became a 
solid crystalline body at —124°. Fluosilicic acid gas liquefied under 
a pressure of about 9 atmospheres, at about 160° below zero, and was 
then clear, transparent, colourless, and very fluid, like hot ether; it 
did not freeze at any temperature to which it could be submitted; 
it has since been solidified by M. Natterer. The results obtained 
with fluoboric acid were similar. Phosphuretted hydrogen, subjected 
to high pressure, was condensed into a colourless liquid by the most 

* Five parts of resin, one part of yellow bees’ wax, and one part of red ochre, by 
weight, melted together. 
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intense degi'ee of cold attainable, but was not solidified by any 
temperature applied. 

Of gaseous bodies previously condensed, hydrochloric acid did 
not freeze at the lowest attainable temperature; the tension of its 
vapour was 1*8 atmospheres at —100*^, 15’04 atmospheres at 0°, 
26'20 atmospheres at 32°, and 30'67 atmospheres at 40°. 
Sulphurous acid became a crystalline, transparent, and colourless solid 
body at —105°; the pressure of the vapour of liquid sulphurous was 
0*725 atmospheres at 0° Pahr., 1*53 atmospheres at 32°, 2 atmos- 
])lieres at 46•°5, 3 atmospheres at 68°, 4 atmospheres at 85°^ 
5 atmospheres at 98°, and 6 atmospheres at 110°. * 

Sulphuretted hydrogen solidified at—122°, forming a white crystal¬ 
line translucent substance, more like nitrate of ammonia solidified 
from the melted state, or camphor, than icc. The pressure of the 
vapour from the solid is not more, probably, than 0*8 of an atmos¬ 
phere, so that the liquid allowed to evaporate in the air would not 
solidify as carbonic acid does. The tension of sulphuretted hydrogen 
vapour was 1*02 atmosphere at —100°, 2 atmospheres at—58°, 6*1 
atmospheres at 0°, 9*94 atmospheres at 30°, and 14*6 atmospheres 
at 52°, which form a progression considerably different from that of 
water or carbonic acid. 

Mr. Earaday observed, that when carbonic acid is melted and 
resolidified by a bath of low temperature, it appears as a clear trans¬ 
parent crystalline colourless body, like ice. It melts at —7 0° or —72°, 
and the solid carbonic acid is heavier than the liquid bathing it. The 
solid or liquid carbonic acid, at this temj)crature, has a pressure of 
5*33 atmospheres. Hence the facility with which liquid carbonic 
acid, when allowed to escape into air, exerting only a pressure of one 
atmosphere, freezes a part of itself by the evaporation of another part. 
The following are the pressures of the vapours of carbonic acid which 
Mr. l^araday has obtained : 

CARBONIC ACID VAPOUR. 

Temp. Fahr. Tension in Atmo- I Temp. Fahr. Tension in Atrno 


spheres. i spheres.* 


—111“ 


1-14 

—15° . 



17*80 

—107 

• 

. 1*36 

— 4 



. 21*48 

— 95 

• 

2*28 

0 



. 22*84 

— 83 

m 

. 3-60 

5 



. 24*75 

— 75 

m 

4-60 

10 



. 26-82 

— 56’ . 

• 

697 

15 . 



29*09 

— 34 

• 

12*00 

23 . 



. 33 15 

— 23 

» 

. 15*45 

32 



38*50 
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Nitrous oxide was obtained solid, as a beautiful clear crystalliue 
colourless body, by a temperature estimated at about —150°, wlieii the 
pressure of its vapour was less than one atmosphere. Mr. Faraday 
believes that 'liquid nitrous oxide may be used instead of carbonic 
acid, to produce degrees of cold far below those which the latter body 
can supply. This idea Wiis verified by M. Natterer, who has liquefied 
nitrous oxide, and several other gases, by mechanical compression. 
He found that liquid nitrous oxide may be mixed with sulphuret of 
carbon in all proportions, and on placing a mixture of these two 
liquids under the receiver of an air-pump, he saw an alcohol ther¬ 
mometer fall to —140° C., or —240° Falir.; at this extremely low 
temperature neither chlorine nor the sulphuret of carbon lost its 
fluidity. He also succeeded in freezing liquid fluosilicic acid by the 
same means (PoggendorfTs Annalou, t. xii. p. 132: and Liebig’s 
Annalcn, t. liv. p. 254.) The tension of its vapour was observed by 
Faraday to be, atmosphere at —12.5°, 19‘3.4 atmospheres at 0°, aiul 
33*4 atmospheres at ^5°. 

Liquid cyanogen, when cooled, becomes a transparent crystalliue 
solid, as Hussy and Bunsen had previously observed,* which liquefies 
at —30°. The tension of its vapour was 1*25 atmospheres at 0°, 2.37 
atmospheres at 32°, and 6*9 atmospheres at 63°. 

Aimnonia formed a white, translucent, crystalline solid, melting at 
—103°. The density of the liquid was 0.731 at 60°; its tension 
2*48 atmospheres at 0°, 4*44 atmospheres at 32°, and 6*9 atmos¬ 
pheres at 60°. 

Arsenietted hydrogen, which was liquefied by Dumas and Soubeiran, 
did not solidify at —166°. The tension of its vaj^our wsis 0*94 atmo¬ 
spheres at —75°, 5'21 atmospheres at 0°, 8*95 atmospheres at 32°, and 
13*19 atmospheres at 60°. 

The following gases show^ed no signs of liquefaction when cooled 
by the carbonic acid bath in vacuo, at the pressures expressed: — 

Atmospheres. , 


Hydrogen at 

. 

• 


* 

. 27 

Oxygen 

• 




58-5 

Nitrogen 

• 


• 

• 

50 

Nitric oxide 

• 

• 


• 

50 

Carbonic oxide . 

m 

• 

« 

» 

. 40 

Coal gas 

• 

• 

• 

• 

32 


Several ga.ses were submitted by M. G. Aim6 to still higher pres¬ 
sures, rising for nitrogen and hydrogen gases to 220 atmospheres, 

* For Bunsen’s results on the liquefaction of sevend of the gases, sec Bibliothcque 
Univcrselle, 1839, t. xxxii. p. 18.5. 
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by imiacrsion in the depths of the sea, where the results under 
pressure could not be observed.* Most of them were diminished in 
bulk in a ratio greatly exceeding the pressure; but this has been 
shown to be often the case whilst the substance retains the gaseous 
form. No sufficient evidence of the liquefaction of any of the gases 
just enumerated has yet been produced. The same may be said of 
light carburetted hydrogen. At the lowest temperatures attainable, 
alcohol, ether, sulplmrct of carbon, chloride of phosphorus, and 
chlorine, also retained the liquid form. 

Sir II. Davy threw out the idea that the prodigious elastic force of 
the liquid gases might be used as a moving power. But supposing 
tlie apjilication practicable, it may be doubted, from what we know of 
the constancy of the united sum of the latent and sensible heat of 
high pressure steam, whether any saving of heat would be effected by 
such an application of the vapours of these fluids. 

All gases whatever arc absorbed and condensed by water in a 
greater or less degree, in which case they certainly assume the liquid 
form. The (luantity condensed is widely different in the different 
gases j and in the same gas the cpiantity condensed depends ujioii the 
pressure to niiich the gas is subject, and the temperature of the 
absorbing water. Dr. Henry proved that with carbonic acid gas' 
the volume absorbed by water is the same, whatever be the pressure 
to wliich the gas is subjeet. Hence, we double the weight or quantity 
of gas absorbed, by subjecting it, in contact with water, to the 
jiressurc of two atmospheres; and this practice is adopted in impreg¬ 
nating water with carbonic acid, to make soda-water. Tlic colder 
tlie water, the greater also the quantity of gas absorbed. 

Ill the phj^sical theory of gases, they arc assumed to be expansible to 
an indefinite extent, in the proportion that pressure upon them is 
diminished, and to be contractible under increased pressure exactly in 
proportion to the compressing force—the well-known law of Mariotte. 
The bulk of atmospheric air has been found rigidly to correspond 
witii this law, when it was expanded to 300 volumes, and also when 
compressed into l-25th of its primary volume. But there is reason 
to doubt whether the law holds with absolute accuracy, in the case of 
a gas either in a state of extreme rarefaction, or of the greatest density. 
Thus atmospheric air does not appear to be indefinitely expansible, as 
the law of Mariotte would require; for there is certainly a limit to 
the eartlTs gaseous atmosphere, and it does not expand into all space. 
Dr. Wollaston supposed that the material particles of air are not 

* Annulcs Ac CLimic, Stc., 1S43, t. viii. p. 275. 
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indefinitely minute^ but have a certain magnitude and weiglit. These 
particles arc under the influence of a powerful mutual repulsion, as is 
always the case in gaseous bodies, and, therefore, tend to separate 
from each other} but as tliis repulsive force diminishes as the distance 
of the particles from each other increases. Dr. Wollaston imagined 
that the weight of the individual particles miglit come at last to 
balance it, and thus prevent their further divergence. On this view, 
which is probable on other grounds, the expansion of a gas, caused 
by the removal of pressure, will cease at a particular point of rarefac¬ 
tion, and the gas not expanding farther, will come to have an upper 
surface, like a liquid. The earth's atmosphere has probably an exact 
limit, and true surface. 

The deviation from the law of Mariotte, in gases under a greater 
pressure than that of the atmosphere, has been distinctly observed in 
the more liquefiable gases. Thus, Professor Oersted, of Copenhagen, 
found that sulphurous acid gas diminishes, under increased pressure, 
more rapidly than common air. The volumes of atmospheric air and 
of the gas were equal at the following pressures :— 


Pressare upon air in 
atniosphci-es. 



Pressure upt>ii siiljihurous 
gas in atmospheres. 

1 


■ 

1 

1.175 

• 

• 

1.173 

S.821 

• 

• 

2.782 

3.319 

• 

• 

3.189 


It win be observed that less pressure always suffices to reduce the 
sulphurous acid gas to the same bulk than is required by air. If the 
pressure upon the air and gas were made equal, then the gas would 
be compressed into less bulk than the air, and deviate from the law 
of Mariotte. Despretz observed an equally conspicuous deviation from 
this law under increasing pressures, in several other gases, particu¬ 
larly sulphuretted hydrogen, cyanogen, and ammonia,^ wliich are all 
easily liquefied. There is no reason, however, to suppose that any 
partial liquefaction of the gaseS occurs under the pressure applied to 
them in such experiments. They remain entirely gaseous, and their 
superior compressibility must be referred to a law of their constitu¬ 
tion. It is the phenomenon beginning to show itself in a gas under 
moderate pressure, which was observed in all its excess by Cagnard 
de la Tour, in the vapours confined by him under great pressure 
(page 65). 
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Those gases which exhibit this deviation must occupy less bulk 
than they ought to do under the pressure of the atmosphere itself j 
which may be the reason why the liquefiable gases are generally found 
by experiment specifically heavier than they ought by theory to be. 

M. Eegnault accordingly finds, that at the temperature of 32°, and 
under more feeble pressures than that of the atmosphere, carbonic 
acid deviates from the law of Mariotte in a marked manner; while it 
appears to |||[low that law when.heated to 212° under more feeble 
pressures than that of the atmosphere. 

The density of carbonic at 32° (air = lOOO) was: 

Uuder the pressure of 760 millimeters (30 inches) 1529.10 

374.13 . 1523.66 

224.17 1521.45 

The density of tlie gas at 212° (that of air at the same temperature 
being 1000) was: 


Under the pressure of 760 millimeters (30 inches) 1524.18 
338.39 . 1524.10 

The theoretical density of carbonic acid, calculated in a manner 
which shall be afterwards explained, and taking for the atomic weight 
of carbon the number 6, is 1520.24; to which the numbers for 
the density of the gas under greatly reduced pressures appear to be 
converging. M. Ilegnault verified at the same time the exactness 
of the law of Mariotte for atmospheric air. (Annales, xiv. 227, and 
234.) 

Such are the most remarkable features which gases exhibit in rela¬ 
tion to pressure and temperature. These properties are independent 
of tlie specific weights of the gases, wliicli are very different in the 
various members of the class, and they are but little coniiected with 
the nature of the particular substance or material which exists in the 
gaseous form. But when gases differing in composition are pre¬ 
sented to each other, a new property of the gaseous state is deve¬ 
loped, namely, the forcible disposition of dissimilar gases to intermix, 
or to diffuse themselves through each other. This is a property 
wliich interferes in a great variety of phenomena, and is no less cha¬ 
racteristic of the gaseous state than any we have considered. It ap¬ 
pears in the spontaneous diffusion of gases through each other, and 
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in the diflusioh of vapours into gases, or the ascent of vapours 
from volatile bodies into air and other gases, of which the sponta¬ 
neous evaporation of water' into the air is an instance. Related 
closely to tliis subject, and preliminary to its consideration, is the 
passage of different gases into a vacuum, through a small aperture, 
wliich takes place with different degrees of facility; mth their rates of 
transmission by capillary tubes. The whole may be briefly treated 
under the heads of, (1) Effusion of gases (their poiu&g out), by 
which I express their passage into a vacuum by a smallaperture in a 
thin plate; (a) Transpiration of gases, or their passage tlirougli tubes 
of fine bore of greater or less length j (3) The diffusion of gases; and 
(4) Evaporation in air. 
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Fig. 37. 


The specific weights, or weights of an equal measure, of the dif¬ 
ferent gases vary exceedingly. The numbers representing these 
weights are always referred to the weight of a gas, generally air, as 
1 or 1000, instead of water, which is the standard com])arison for 
liquids and solids. Tlie operation of'taking the specific gravity of a 
gas is simple in principle, but the accurate execution of it attended 

with great practical difficulties. A 
light glass globe g (fig. 37) from .50 
to 100 cubic inches in capacity, is 
weighed full of air, then exhausted 
by an air-pump and weighed empty, 
the loss being taken as the weight 
of its volume of air. It is then, 
in its exhausted state, united with 
a bell-jar c, containing the gas 
to be w^eighed and standing over 
a mercurial trough, by a union 
screw' between the stopcocks d 
and e of the two vessels; and filled with the gas, which rushe,s from 
the jar to the vacuous globe on opening both stopcocks. A supply 
of gas is conveyed to the jar by the bent tube ft, after being deprived 
of moisture by passing through a drying tube «, containing frag¬ 
ments of chloride of calcium. The globe is again weighed w'hen full of 
gas of the atmospheric pressure and temperature, and the weight of a 
volume of the gas obtained by deducting the weight of the vacuous 
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globe. The specific gravity is then calculated by the proportion, 
as the weight of air first found, to the weight of gas, so 1.000 (densiiy 
of air), to a iiuinber wdiich expresses the density of the gas required. 
MM. Dumas and Boussingault, in their late careful observations of 
the density of oxygen, nitrogen, and hydrogen, employed a capacious 
glass globe, of which the cubic contents were) first ascertained by 
measuring in an accurate manner the volume of w^ater required to fill 
it (Arm8d^«c. viii. 201). In the refined experiments of M. 
Bcgnault, published, a light glass balloon of about ten litres or 
G16 cubic inches in capacity, was employed as the weighing globe. 
It was counterpoised, when weighed, by a similar globe formed of the 
same glass; by whicli arrangement numerous and somewliat uncer¬ 
tain corrections for variations in the density, temperature, and hygro- 
inetric state of the air, during the continuance of an experiment, the 
film of moisture which adheres to glass, and the displacement of air 
by the solid materials of the balloon, were entirely avoided.* 

The following tables exhibit the specific gi’avity of those gases to 
which reference will most frequently be made, air being taken as the 
standard of comparison in the first table, and oxygen in the second. 
To each specific gravity is added, in a second column, the square root 
of the number, and in a third column 1 divided by the square 
root, or the reciprocal of the square root. 


TABLE I. DElSrSTTY OP GASES, AIU 1. 



DENSITY. 

SUUARE ROOT 

OP 

DENSITY. 

1 

SaiTARF, ROOT. 

AliTHO- 

KITY, 

Xitrof^eii . 

0.97137 

mSM 


llcgiiault. 

( )xy!>;eii. 

1.10563 


0.9510 


IIy(lro<^en. 

0.00926 

0.2632 

3.7994 


('itrboiiic iwn'd. 

l..'52U()l 

1.2365 

0.8087 

(t 

C’jirljonic oxide. 

0.9712 

1.98.55 

1.0147 

Calculated. 

ctirbiu'ctted liydrogcii . 

0.5549 

0.7449 

1.3424 


Olefiant gas. 

0.9712 

0.98.55 

1.0147 

<c 

Nitrons oxide. 

1.5201 

1.2353 

0.8095 

<c 

Nitric oxide. 

1.040.1 

1.0205 

0.9799 

t( 

Sulphuretted hydrogen . . 

1.1793 

1.0860 

0.9208 

rr 

Chlorine ....... 

2.4573 

1,5676 

0.(5379 

(( 


* Anilities tie Chiiuic, &e. 1845, t. xiv. 211. 
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TABLE II. DENSITY OF OASES, OXYGEN = 1. 


•> 


SQUARE 

1 


GASES. . 

DENSITY. 

ROOT OR 

SQUARE 

AUTHORITY. 



DENSITY. 

ROOT. 


Air. . 

0.9038 

0,9507 


Rcgiiault. 

Nitrogen. 

0.8785 


C( 

Hydrogen .... 

0.6626 



Carbonic acid ... 

1.3830 



t€ 

Cai-bonic oxide . . 

0.8750 

0.9354 

^BVTTTi^^l 

Calculated. 

Ligtt carbnrctted hy- 1 
drogen CH® . . . ^ 

0.5000 

0.7071 

1.4142 


Olefiant gas .... 

0.8760 

0.9354 

1.0691 


Nitrous oxide .... 

1.3760 

1.1705 

0.8545 

46 

Nitric oxide ... 

0.9375 


1.0328 

4t 

Sulph\iretted hydrogen . 

1.0625 


8.9701 

4f 

Chlorine. 

2.2129 

1.4876 

0.6722 

it 


A jar on the plate of an air-pump is kept vacuous by continued 
exhaustion, and a measured quantity of air, or any other gas, al¬ 
lowed to find its way into the vacuous jar through a minute aperture 
in a thin metallic plate, such as platinum foil, made by a fine steel 
point, and not more than l-300dth of an inch in diameter. With 
an imperfect exhaustion, it is found that the velocity with which the 
gas flows into the jar rapidly increases till the aspiration power or 
degree of exhaustion amounts to about one-third of an atmosphere. 
Higher degrees of exhaustion do not produce a corrcspondiTig increase 
of velocity, and the difierence of an inch of the mercurial column of 
the gauge barometer scarcely affects the rate at which the gas enters, 
when the vacuum is nearly complete, and the pressure to which tlic 
gas is subject approaches that of a whole atmosphere. By a perfo¬ 
rated plate such as described, 60 cubic indies of dry air entered tlic 
vacuous, or nearly vacuous air-pump receiver, in about 1000 seconds, 
and. in successive experiments the time of passage did not vary more 
than one or two seconds. 

The time of passage into a vacuum of a constant volume varied 
in the different gases, the lightest passing in the shortest time. Tlie 
time corresponded very closely for each gas with the square root of 
its density. Thus the square root of the density of oxygen being 
1.0515, and that of air 1, (Table I.), the time of passage of the 
constant volume of oxygen was observed to be 1.0519, 1.0519, 
1.0506, 1.0502, in experiments made on different occasions, the time 
of passage of the same volume of air being 1. Compared with the 
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time of the passage of a constant volume of oxygen taken as 1, the 
time of hydrogen was 0.2631, instedd of 0.25 (Table 11.); the time 
of nitrogen was 0.9365 and 0.9345, instead of 0.9373; the time of 
carbonic oxide, of which the theoretical density is the same as the 
last gas, was 0.9345, instead of 0,9354 j of carburetted hydrogen 
0.7023, instead of 0.7071; of carbonic acid 1.1675, instead of 
1.1705. The time of nitrous oxide was always the same, as nearly as 
could be obsCTved, as that of carbonic acid; while these two gases 
have the sam^ljpecific gravity. Por gases which do not dijffer greatly 
from air in specific gravity, the times correspond so closely with the 
law, that the densities of these gases, it appears, might be deduced as 
accurately from an effusion experiment as by actually weighing them. 
The sensible deviation from the law in the times of both the very 
light and very heavy gases can be shown to be occasioned by the 
tubularity of the aperture arising from the unavoidable thickness of 
the metallic plate. 

The times of passage into a vacuum of equal voliunes of different 
gases varying, then, as the square root of their densities, the velocities 
of passage will consequently be in the inverse proportion, or as I 
divided by the square root of the gas. This is the physical law of 
the passage of fluids generally under pressure, which has been long 
established for liquids of different densities by observation, but had 
not previously received an experimental verification in the case of 
gases. 

Mixtures of nitrogen and oxygen in different proportions were 
found to have the mean rate of their constituent gases. This is also 
true of mixtures of carbonic acid, nitrous oxide, and carbonic oxide, 
with each other or with the preceding gases. But hydrogen and 
carburetted hydrogen lose more or less of their peculiar rate, and pass 
slow^er, when mixed with other gases. Thus the time of passage of 
a mixture of equal volumes of oxygen and hydrogen is 0.7255; 
instead of 0.6315, the mean of the times, 1 and 0.2631, of those 
gases individually. Supposing the rate of the oxygen in the mix¬ 
ture to remain unchanged, and that the alteration takes place on the 
hydrogen exclusively, then the time of passage of the hydrogen has 
increased from 0.2631 to 0.4510, or been nearly doubled. But it 
is in mixtures where the proportion of hydrogen is large compared 
with that of the other gas, that the departure from the mean velocity 
is most conspicuous. Thus the addition of half a per cent, of air 
or oxygen has an effect in retarding the passage of hydrogen at least 

. G 
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three times greater than what it should produce from its greater den¬ 
sity by calculation. The time of the effusion of hydrogen thus be¬ 
comes a delicate test of the purity of that gas. This want of me¬ 
chanical equivalency in hydrogen mixtures is exceedingly remarkable, 
being a marked departure from the usual uniformity of gaseous pro¬ 
perties. 

TRANSPIRATION OF GASES. 

The arrangement exhibited (fig. 38), was adoptediHin examining 

Fig. 38. 



the rates of passage of different gases into a vacuum through a ca¬ 
pillary tube. The gas is taken from a counterpoised beU-jar, stand¬ 
ing over the water of a pneumatic trough, and passes first by a flexi¬ 
ble tube to a U-shaped drying tube filled with fragments of'chloride 
of calcium, in order to be deprived of aqueous vapour before enter¬ 
ing the capillaiy glass tube a. The last is connected by means of a 
tube of block tin with a receiver on the plate of an air-pump, pro¬ 
vided with a gauge barometer as represented. Gas is allowed to 
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enter the exhausted receiver by the capillary tube, and the time ob¬ 
served which the gauge barometer requires to fall a certain number 
of inches from the admission of a constant volume. 

It is found that for a tube of any given diameter, the times of pas¬ 
sage of different gases approximate the more closely to their respec¬ 
tive times of effusion, the more the tube is shortened and made to 
approximate to an aperture in a thin plate. While, as the tube is 
elongated, a deviation from those rates is observed, whicli is rapid 
with the first additions in length, but becomes gradually less; and, 
finally, with a certain length of tube, the gases attain rates of which 
the relation remains constant, or nearly so, for any farther increase 
of length. The same relation in velocity between the different gases 
is then found to extend also through a considerable range of pressure, 
as from one to one-tenth of an atmosphere. 

IIic ultimate rates of transpiration differ considerably from the 
rates of effusion of the same gases, and have no uniform relation to 
their density. Of all the gases tried, oxygen passes with least 
velocity through a capillary tube. The time of passage into a 
vacuum, under the atmospheric pressure, of a volume of oxygen 
being 1, that of air was 0.9010, of nitrogen 0.8704-, and carbonic 
oxide Q.8071. The transpiration times of these gases approach so 
closely to their specific gravities, as will be seen by Table II., as to lead 
to the inference that the transpiration times are directly as the density 
for these gases. Nitric oxide appears to coincide in transpiration 
time with nitrogen, although denser, the specific gravity of the former 
being the mean between the densities of the nitrogen and oxygen. 
I’he transpiration time of carbonic acid approached very closely to 
0.75, or three-fourths of that of oxygen. Nitric oxide, winch has 
the same specific gravity as carbonic acid, coincides perfectly with 
that gas also in time of transpiration. The densities of these two 
f^ascs arc to that of oxygen as 22 to 16, but their tiiues of transpira¬ 
tion are to the time of transpiration of oxygen, as 12 to 16. 

The transpiration time of hydrogen, by several capillary tubes, 
varied but very little from 0.44, the time of oxygen being 1. The 
number for hydrogen therefore approaches 0.4375, which is 7-16tlis 
of the oxygen time. The time of Ught carburetted hydrogen was 
also remarkably constant at 0.560 to 0.555; whicli approach, although 
not very closely, to 0.6625, or 9-16ths of the oxygen time. Olefiant 
Sas has iirobably sensibly the same specific gravity as nitrogen and 
carbonic oxide, but it is much more transpirablc than these gases; 
the transpiration time of olefiant gas being found so low as 0.512. 
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This result is not inconsistent with the true number for olefiant gas, 
being 0.5, or one-haK the time of oxygen; for the gas operated upon 
was found always to contain either a trace of a heavy hydrocarbon, or 
a few per cent, o^ carbonic oxide, both of which increase the time of 
transpiration. Hydrogen with five per cent of air was less rapidly 
transpired than olefiant gas, the time of that mixture being 0.5237. 

The transpiration time of mixtures of the following gases was 
exactly the mean of the times of the mixed gases, namely oxygen, 
nitrogen, hydrogen, carbonic oxide, nitrous oxide, and carbonic acid; 
but the transpiration time of hydrogen and carburetted hydrogen, 
particularly the former, is greatly increased when these gases are in a 
state of mixture with each other, or with gases of the former class. 
Thus the transpiration time of a mixture of equal volumes of oxygen 
and hydrogen was 0.9008, instead of 0.72, the mean time of the two 
gases. The transpiration time of hydrogen in such a mixture is as 
high as 0.8016; or, its transpiration is then less rapid than that of 
pure carbonic acid. 

The effusion of a given measure of air into a vacuum takes place 
always in the same time, w'hatever may be its density, from one-fourth 
of an atmosphere up to two atmospheres. But the transpiration of air 
of different densities was observed to take place in times wliich are 
inversely as the densities; or, the denser air is, the more rapidly is a 
given volume of it transpired. Hence the transpiration of air and all 
gases is greatly affected by variations of the barometer;^he hig her 
the barometer the more quickly are the gases transpired. The differ¬ 
ence in this respect separates completely the phenomena of effusion 
and transpiration. Nor can the phenomena of transpiration be an 
effect of friction; for the greater the density of air, the more should 
its passage be resisted by friction. The traiispirability of a gas 
appears to be a constitutional projperty, like its density, or its com¬ 
bining volume; and the investigation is of peculiar interest from 
supplying a new class of constants for the gases, namely their coeffi¬ 
cients of transpiration. The rates of transpiration of different gases 
were further observed to be the same through a fine capillaiy tube of 
copper of eleven feet in length, and a mass of dry stucco, as through 
capillary tubes of glass. 


DIFFUSION OF GASES. 

When a light and heavy gas axe once mixed together, they do not 
exhibit any tendency to separate again, on standing at rest; differing 
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in this respect from mixed liquids, many of which speedily separate, 
and arrange themselves according to their densities, the lightest 
uppermost, and the heaviest undermost—as in the familiar example 
of oil and water, unless they have combined together. This pecu¬ 
liar property of gases has repeatedly been made the subject of 
careful experiment. Common air, for instance, is essentially a mix¬ 
ture of two gases, differing in weight in the proportion of 971 to 
1105; but the air in a taU close tube of glass several feet in length, 
kept upright in a still place, has been found sensibly the same in 
composition at the top and bottom of the tube, after a lapse of 
months. Hence, there is no reason to imagine that the upper strata 
of the air differ in composition from the lower; or that a light gas, 
such as hydrogen, escaping into the atmosphere, will rise, and ulti¬ 
mately possess the higher regions;—suppositions which have been 
the groundwork of meteorological theories at different times. 

The earliest observations we possess on this subject are those of 
Dr. Priestley, to whom pneumatic chemistry stands so much indebted. 
Having repeated occasion to transmit a gas through stoneware tubes 
surrounded by burning fuel, he perceived that the tubes were porous, 
and that the gas escaped outwards into the fire ; wliile at the same 
time the gases of the fire penetrated into the tube, although the gas 
within the tube was in a compressed state. 

Dr. Dalton, however, first perceived the important bearings of 
this property of aerial bodies, and made it the subject of experimental 
inquiry. He discovered that any two gases, allowed to communicate 
with each other, exhibit a positive tendency to mix or to penetrate 
through each other, even in opposition to the influence of their weight. 
Fig. 39. Thus, a vessel A, containing a light gas (hydrogen), being 
A placed above a vessel c, containing a heavy gas (carbonic acid), 

and the two gases allowed to communicate by a narrow tube, 
as represented (fig. 89), an interchange speedily took place of 
a portion of their contents, wliich it might be supposed 
that their relative position would have prevented. Contrary 
to the solicitation of gravity, the heavy gas continued spon¬ 
taneously to ascend, and the light gas to descend, till in a few 
hours they became perfectly mixed, and the proportion of the 
two gases was the same in the upper and lower vessels. This 
disposition of different gases to intermix, appeared to Dr. 
Dalton so decided and strong, as to justify the inference that 
different gases afforded no resistance to each other; but that 
e one gas spreads or expands into the space occupied by another 
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gas, as it would rush into a vacuum. At least, that the resistance 
which the particles of one gas offer to those of another is of a very 
imperfect kind, to be compared to the resistance which stones in the 
channel of a stream oppose to the flow of running water. Such is 
Dalton^s theory of the miscibility of the gases. (Manchester 
Memoirs, Vol. V.) 

In entering upon this inquiry, T found, first, that gases diffuse into 
the atmosphere, and into each other, with different degrees of ease and 
rapidity. This was observed by allowing each gas to diffuse from a 
bottle into the air tlirough a nanrow tube, taking care, when the gas 
was lighter than air, that it was allowed to escape from the lower part 
of the vessel, and when heavier from the upper part, so that it had, 
on no occasion, any disposition to flow out, but was constrained to 
diffuse in opposition to the effect of gravity. The result was, that the 
same volume of different gases escapes in times which are exceedingly 
unequal, but have a relation to the specific gravity of the gas. The 
light gases diffuse or escape most rapidly: thus, hydrogen escapes five 
times quicker than carbonic acid, which is twenty-two times heavier 
than that gas. Secondly, in an intimate mixture of two gases, the 
most diffusive gas separates from the other, and leaves the receiver in 
the greatest proportion. Hence, by availing ourselves of the tenden¬ 
cies of mixed gases to diffuse with different degrees of rapidity, a sort 
of mechanical separation of gases may be effected. The mixture 
must be allowed to diffuse for a certain time into a confined gaseous 
or vaporous atmosphere, of such a kind as may afterwards be con¬ 
densed or absorbed with facility.* 

But the nature of the process of diffusion is best illustrated when 
the gases communicate with each other through minute pores or aper¬ 
tures of insensible magnitude. 

A singular observation belonging to this subject was made by Pro¬ 
fessor Dobereiuer of Jena, on the escape of hydrogen gas by a fissure 
or crack in glass receivers. Having occasion to collect large quantities 
of that light gas, he had accidentally made use of ajar wliich had a 
slight fissure in it. He was surprised to find that the water of the pneu¬ 
matic trough rose into this jar one and a half inches in twelve 
hours; and that after twenty-four hours the height of the water was 
two inches two-thirds above the level of that in the trough. During 
the experiment, neither the height of the barometer nor tlie tempe¬ 
rature of the place had sensibly altered.f He ascribed the pheno- 

* Quark'rly Journal of Science, New Scries, Vol. v. 

t Anualcb dc Chiinie ct dc Physique, 1825, 
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menon to capillary action, and supposed that hydrogen only is at¬ 
tracted by the fissures, and escapes through them on account of the 
extreme smallness of its atoms. It is imnecessary to examine this 
explanation, as Dobereiner did not observe the whole phenomenon. 
On repeating the experiment, and varying the circumstances, it ap¬ 
peared to me that hydrogen never escapes outwards by the fissure 
without a certain portion of air penetrating at the same time inwards, 
amounting to between one-fourth and one-fifth of the volume of the 
hydrogen wliich leaves the receiver. It was found by an instrument 
which admits of much greater precision than the fissured jar, that 
when hydrogen gas communicates with air through such a cHnk, the 
ail’ and hydrogen exhibit a powerful disposition to exchange places 
with each other; a particle of air, however, does not exchange with 
a particle of hydrogen of the same magnitude, but of 3.83 times its 
magnitude. We may adopt the word diffusion-volume^ to express 
this diversity of disposition in gases to interchange particles, and say 
that the diffusion-volume of air being 1, that of hydrogen gas is 3.83. 
Now every gas has a dilfusion-volume peculiar to itself, and depend¬ 
ing upon its specific gravity. Of those gases which are lighter than 
air, the diffusion-volume is greater than 1, and of those which are 
heavier, the diffusion-volume is less than 1. The diffusion volumes 
are, indeed, inversely as the square root of the densities of the gases. 
Hence the times of the effusion and diffusion of gases follow the same 
law. 

Exact results are obtained by 
means of a simple instrument, 
which may be called a diffusion 
tube, and which is constructed as 
follows. A glass tube, open at both 
cqds, is selected, half an inch in 
diameter, and from six to fourteen 
inches in length. A cylinder of 
wood, somewhat less in diameter, is 
introduced into the tube, so as to 
occupy the whole of it, with the ex¬ 
ception of about one-fifth of an inch 
at one extremity, wliich space is 
filled with a paste of Paris plaster, 
of the usual consistence for casts. 
In the course of a few minutes the 
plaster sets, and on withdrawing the 
wooden cylinder the tube forms 
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a receiver, closed by an immoveable plate of stucco. In the wet 
state, the stucco is air-tight; it is therefore dried, either by exposure 
to the air for a day, or by placing it in a temperature of 200° for a 
few hours; and is thereafter found to be permeable by gases, even in 
the most humid atmosphere, if not positively wetted. When such a 
diffusion-tube, six inches in length, is filled with hydrogen over mer¬ 
cury, the diffusion, or exchange of air for hydrogen, instantly com¬ 
mences through the minute pores of the stucco, and proceeds with 
so much force and velocity, that within three minutes the mercury 
attains a height in the receiver of more than two inches above its 
level in the trough; within twenty minutes, the whole of the hydro¬ 
gen has escaped. In conducting such experiments over water, it is 
necessary to avoid wetting the stucco. With this view, before 
filling the diffusion-tube with hydrogen, the air is withdrawn by 
placing the tube upon the short limb of an empty syphon, (see - 
figure 40), which does not reach, but comes within half an inch of 
the stucco, and then sinking the instrument in the water trough, so 
that the air escapes by the syphon, with the exception of a small 
quantity, wliich is noted. The diffusion tube is then filled up, either 
entirely or to a certain extent, with the gas to be diffused. 

The ascent of the water in the tube, when hydrogen is diffused, 
forms a striking experiment. But in experiments made with the pur¬ 
pose of determining the proportion between the gas diffused and the air 
which replaces it, it is necessary to guard against any inequality of 
pressure, by placing the diffusion tube in a jar of water as in 
figure 41, and fiUiug the jar with water in proportion as it rises in 
the tube. 

In this instrument we may substitute many other porous sub¬ 
stances for the stucco; but few of them answer so well. Dry and 
sound cork is very suitable, but permits the diffusion to go on very 
slowly, not being sufficiently porous; so do thin slips of many gra¬ 
nular foliated minerals, such as flexible magnesian limestone. Char¬ 
coal, woods, unglazed earthenware, dry bladder, may all be used for 
the same purpose. 

It can be shown, on the principles of pneumatics, that gases should 
rush into a vacuum with velocities corresponding to the numbers 
which have been found to express their diffusion volumes; that is, 
with velocities invorsely proportional to the square root of the den¬ 
sities of the gases. The law of the diffusion of gases has on this 
account been viewed by my jfriend, Mr. T. S, Thomson, of Clitheroe, 
as a confirmation of Dr. Dalton’s theory, that gases are inelastic 
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towards each other.* It must be admitted that the ultimate result 
in diffusion is in strict accordance with Dalton’s law^ but there are 
certain circumstances which make me hesitate in adopting it as a 
true representation of the phenomenon, although it affords a conve¬ 
nient mode of expressing it. 1. It is supposed, on that law, that 
\vhen a cubic foot of hydrogen gas is allowed to communicate with a 
cubic foot of air, the hydrogen expands into the space occupied by 
the air, as it would do into a vacuum, and becomes two cubic feet of 
hydrogen of half density. The air, on the other hand, expands in the 
same manner into the space occupied by the hydrogen, so as to 
become two cubic feet of air of half density. Now if the gases 
actually expanded through each other in this manner, cold should be 
produced, and the temperature of the mixed gases should fall 40 or 45 
degrees. But not the slightest change of temperature occurs in dif¬ 
fusion, however rapidly the process is conducted. 2. Although the 
ultimate result of diffusion is always in conformity with Dalton's law, 
yet the diffusive process takes place in different gases with very 
different degrees of rapidity. Thus, the external air penetrates into a 
diffusion tube with velocities denoted by the following numbers, 1277, 
623, 302, accorchng as the diffusion tube is filled with hydrogen, 
with carbonic acid, or with chlorine gas. Now, if the air were rush¬ 
ing into a vacuum in all these cases, why should it not always enter 
it with the same velocity? Sometliing more, therefore, must be 
assumed than that gases are vacua to each other, in order to explain 
the whole phenomena observed in diffusion. 

Passage of gases through membranes .—^In connexion with 
diffusion, the passage of gases. tlxrough humid membranes may be 
noticed. If a bladder, half filled with air, with its mouth tied, he 
passed up into a large jar filled with carbonic acid gas, standing over 
water, the bladder, in the course of twenty-four hours, becomes greatly 
distended, by the insinuation of the carbonic acid through its sub¬ 
stance, and may even burst, while a very little air escapes outwards 
from the bladder. But this is not simple diffusion. The result 
depends upon two circumstances: first, upon carbonic acid being a 
gas easily liquefied by the water in the substance of the membrane,— 
the carbonic acid penetrates the membrane as a liquid; secondly, this 
liquid is in the highest degree volatile, and, therefore, evaporat^ very 
rapidly from the inner surface of the bladder into the air confined in it.' 
The air in the bladder comes to be expanded in the same manner as if 
I'ther or any other volatile fluid was admitted into it. The phenome- 

♦ Phil. Mag. 3rd series, iv. 321. 
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non was observed by Dalton in its simplest form. Into a very narrow 
jar, half filled with carbonic acid gas over water, he admitted a little air. 
The air and gas were accidentally separated by a water-bubble, and 
thus prevented from intennixing. ’ But the carbonic gas immediately 
began to be liquefied by the film of water, and passing through it, 
evaporated into the air below.- The air was in tliis way gradually 
expanded, and the water-bubble ascended in the tube. Here the 
particular phenomenon in question was observed to take place, but 
without the intervention of membrane. It is to be remembered that 
the thinnest film of water or any liquid is absolutely impermeable to 
a gas as such. 

In the experiments of Drs. Mitchell and Eaust, and others, in 
which gases passed through a sheet of caoutchouc, it is to be sup¬ 
posed that the gases were always liquefied in that substance, and 
penetrated through it in a fluid form. Indeed, few bodies are more 
remarkable than caoutchouc for the avidity with which they imbibe 
various liquids. The absorption of ether, of naphtha, of oil of turpen¬ 
tine, softening the substance of the caoutchouc, without dissolving 
it, may be referred to. It is likewise always those gases which are 
more easily liquefied by cold or pressure that pass most readily through 
both caoutchouc and humid membranes. Dr. Mitchell found that 
the time required for the passage of equal volumes of different 
gases through the same membrane, was 

1 minute, with ammonia^ 


21 

minutes, with 

sulphuretted hydrogen. 

3i 


oyanogen. 

51 

Jf 

carbonic acid. 

61 

y> 

nitrons oxide. 

27i 

>) 

arsetiiettcd hydrogen. 

28 

3 f 

olefiant gas. 

37i 

3 7 

hydi-ogen. 

113 

3? 

oxygen. 

160 

93 

carbonic oxide. 


and a much greater time with nitrogen. 


DIFFUSION OF YAPOUKS INTO AIR, OR SPONTANEOUS EVAPORATION. 

Yolatile bodies, such as water, rise into air as well as into a 
. vacuum, and obviously according to the law by which gases diffuse 
through each other. Thus if a small quantity of the volatile liquid 
ether be conveyed into two tall jars standing over water, one half filled 
with air, and the other with hydrogen gas, the air and hydrogen 
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immediately begin to expand, from the ascent of the ether-vapour into 
them, and the two gases in the end have their volume increased 
exactly in the same proportion. But the hydrogen gas undergoes 
tliis expansion in half the time that the air requires; that is to say, 
ether-vapour follows the usual law of diffusion in penetrating more 
rapidly through the lighter gas. 

We are indebted to Dr. Dalton for the discovery that the evapora¬ 
tion of water has the same limit in air as in a vacuum. Indeed, the 
quantity of vapour from a volatile body which can rise into a confined 
space, is the same, whether that space be a vacuum, or be already 
filled with air or gas, in any state of rarefaction or condensation. 
The vapour rises, and adds its own elastic force, such as it exhibits in 
a vacuum, to the elastic force of the other gases or vapours already 
occupying the same space. Hence, it is only necessary to know what 
quantity of any vapour rises into a vacuum at any particular tempera¬ 
ture j—the same quantity rises into air. Thus the vapour from 
water, which rises into a vacuum at 80°, depresses the mercurial 
column one inch, or its tension is one-thirtieth of the usual tension 
of the air. Now, if water at 80° be admitted into dry air, it w'ill 
increase the tension of that air by l-30th, if the air be confined; or 
increase its bulk by l-30th, if the air be allowed to expand. M. 
Begnault has, indeed, observed that the tension of the vapour of water 
ill air, and in pure nitrogen gas, is always a little more feeble (‘^ or 
3 per cent.) than in a vacuum for the same temperature, (Annales, 
XV. 137); from which may be inferred the existence of some physical 
obstacle to the full diffusion of vapours, of which the nature is at 
present unknown. The density of the vapour of water iu air saturated 
with it may also be taken as the same as it has been found in a 
vacuum, or 622 (air —1000), M. Regnault having observed it to 
deviate not more than one-hundredth part from that density, at all 
temperatures between 32° and 72° Talir.— (Ibid. p. 160.) 

The spontaneous evaporation of water into air is much affected by 
three circumstances : 1. the previous state of dryness of the air—for 
a certain fixed quantity only of vapour can rise into air, as much as 
into the same space if vacuous; and if a portion of that quantity be 
already present, so much the less will be taken up by the air; and no 
evaporation whatever takes place into air which contains this fixed 
quantity, and is already saturated with humidity. 2. By warmth— 
for the higher the temperature the more considerable is the quantity 
of vapour which rises into any accessible space. Thus water emits so 
much vapour at 40° as expands the air in contact with it 1-114th 
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part, and at 60° as much as expands air 1-57th part, or double the 
quantity emitted at the lower temperature. Hence, humid hot air 
contains a much greater portion of moisture than humid cold air. 
4. The evaporation of water is greatly quickened by the removal of 
the incumbent air in proportion as it becomes saturated j and hence 
a current of air is exceedingly favourable to evaporation. 

"V^en air saturated with humidity at a high temperature is cooled, 
it ceases to be able to sustain the large portion of vapour which -it 
possesses, and the excess assumes the liquid form, and precipitates in 
drops. Many familiar appearances depend upon the condensation 
of the vapour in the atmosphere. Wlien a glass of cold water, for 
instance, is brought into a warm room, it is often quickly covered 
with moisture. The air in contact with the glass is chilled, and its 
power to retain vapour so much reduced as to occasion it to deposit a 
portion upon the cold glass. It is from the same cause that water is 
often seen in the morning running down in streams upon the inside 
of the glass panes of bed-room windows. The glass has the low 
temperature of the external air, and by contact cools the warm and 
humid air of the apartment so as to occasion the precipitation of its 
moisture. ’ Hence also, when a warm thaw follows after frost, thick 
stone walls which continue to retain their low temperature are 
covered by a profusion of moisture. 

Hygrometers .—As water evaporates at all temperatures, however 
low, the atmosphere cannot be supposed to be ever entirely destitute 
of moisture. The proportion present varies with the temperature, 
the direction of the wind, and other circumstances, but is generally 
greater in summer than in winter. There are various means by 
which the moisture in the air may be indicated, and its quantity 
estimated, affording principles for the construction of different hy^o- 
scopes or hygrometers. 

1. The chemical method consists in passing a known measure 
of air over a highly hygrometiio substance, such as chloride of cal¬ 
cium, contained in a glass tube, which has been weighed; the 
increase of weight is that of the vapour absorbed. The experiment 
admits of being made with rigorous acciiracy, but is seldom had 
recourse to, except to check other methods which are more expe¬ 
ditious, but less certain.* . 

2. Many solid substances swell on imbibing moisture, and con- 

* The present and following methods of hygrometiy, and all the experimental data 
required, have lately received a full and critical revision from M. Regnault, of the greatest 
value. See hie ** Etudes sur rHygrometrie,” Annalcs de Chimic, &c. 1835, t. xv. p. 129- 
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tract again on drying: such as wood, parchment, hair, and most dry 
organic substances. The hygrometer of Deluc consisted of an 
extremely thin piece of whalebone, which in expanding and contract¬ 
ing moved an index. The principle of this instrument is illustrated 
in the transparent shavings of whalebone cut into figures, which bend 
and crumple up when laid upon the warm hand. Saussure made use of 
human hair boiled in a solution of carbonate of soda, as a hygrometric 
body, and it appears to answer better than any other substance of the 
class. Eegnault does not make any essential change in the construc¬ 
tion of Saussure, but prefers to deprive the hairs of unctuous matter 
by leaving them for twenty-four hours in a tube filled with ether. 
They preserve in this way all their tenacity, and acquire at the same 
time nearly as much sensibility as if they had been prepared by an 
alkali. He finds that each instrument must be graduated experi¬ 
mentally by placing it in a confined space with air kept in a known 
state of humidity by the presence of dilute sulphuric acid, of several 
degrees of strength, which he indicates,, and supplies tables of their 
tension at diflCerent temperatures (Ibid. p. 173.) Of tliis instrument, 
which is so convenient in a great many circumstances, he speaks more 
highly than physicists generally of late, but at the same time remarks 
that it requires great circumspection in the observer, and that the 
occasional verification of the instrument by means of the solutions 
first employed in graduating it is indispensable. 

3. The degree of dryness of the air 
may be judged of by the rapidity of eva¬ 
poration. Leslie made use of his diffe¬ 
rential thermometer as a hygrometer, 
covering one of the bulbs with muslin, and 
keeping it constantly moist by means of 
a wet thread from a cup of water placed 
near it. The evaporation of the moisture 
cools the ball, and occasions the air in it 
to contract. This instrument gives use¬ 
ful information in regard to the rapidity 
of evaporation, or the drjdng power of 
the air, but does not indicate directly the 
quantity of moisture in the air. The 
wet-bulb hygrometer^ more commonly 
used, acts on the same principle, but 
consists of two similar and very delicate mercurial thermometers, the 
bulb of one of which (a) is kept constantly moist, while the bulb of the 
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other (6) is dry. The wet thermometer always indicates a lower tem¬ 
perature than the dry one, unless when the air is fully saturated with 
moisture, and no evaporation from the moist bulb takes place. In 
making an observation, the instrument is generally placed, not in 
absolutely still air, but in an open window where there is a slight 
draught. 

The indications of the wet-bulb hygrometer, or psychrometer, are 
discovered by simple inspection. It is, therefore, a problem of the 
greatest importance to deduce from them the dew point, or the ten¬ 
sion of the vapour in the air, by an easy rule. Could this infer¬ 
ence be made with certainty, the wet-bulb hygrometer is so commo¬ 
dious that it would supersede all others. I shall place below a for¬ 
mula for tins purpose, which has been used for seveml years in the 
north of Europe, and the same as it has been recently modified.* 

4. The most simple mode of ascertaining the absolute quantity of 
vapour in the air is to cool the air gradually, and note the degree of 
temperature at which it begins to deposit moisture, or ceases to be 
capable of sustaining the whole quantity of vapour which it possesses. 
The air is saturated with vapour for this particular degree of tem¬ 
perature, which is called its dew-jmint. The saturating quantity of 
vapour for the degree of temperature indicated may then be learned 
by reference to a table of the tension of the vapour of wnter at differ¬ 
ent tcmperatures.t It is the absolute quantity of vapour which tlie 


♦ The psychrometer was first suggested by Gay-Lussac, (Amialcs dc Chimic, &c. 2d 
serie, t. xxi. p. 91), and its application particularly studied by Dr. E. 11. August, of 
Berlin, {JJeber die Fortsekritte der Hygromeh-ie), 18.30, and Dr. Apjohn (Philosophical 
Magazine, 1838, &c.) To obtain the tension of vapour in the atmosphere from the two 
temperatures observed, the following formula is given by Dr. August, neglecting some 
vei 7 small quantities:— 

0.568 (/—/!') * 

-■ 

640 — i* 


where t and t' arc the temperatures (Centigrade) of the dry and wet thermometei*s, 
the tension of vapour in air saturated at the temperature h the height of the bai-oine- 
tcr, and 640 — t' the latent heat of aqueous vapour. Some of the numerical data arc 
modified by M. Bcgnanlt, and the formula becomes;—■ 

0.429 

^ --. h ; 

610 — /' 


Or, 


•r -r - 


0.480 
016 — t 


h. 


The last co-efficient 0.480 he finds to ^ve a coincidence almost perfect between the cal¬ 
culated and true results, when the air is not more than fonr-tenths saturated. Otherwise 
the first coefficient 0.429 is least objectionable. (Annalcs, &c. xv. pp. 202 and 226). 
f A table by M. Regnault for this purpose will be given in an Appendix. 
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air at the time of the observation possesses. The dew-point may be 
ascertained most accurately by exposing to the air a thin cup of silver 
or tin-plate containing water so cold as to occasion the condensation 
of dew upon the metallic surface. The water in the cup is stirred 
with the bulb of a small thermometer, and as the temperature 
gradually rises, the degree is noted at which the dew disappears from 
the surface of the vessel. The temperature at which this occurs may 
be taken as the dew-point. Water may generally be cooled suffi¬ 
ciently in summer to answer for an experiment of this kind by dis¬ 
solving pounded sal-ammoniac in it. 

The dew-point may be observed much more quickly by means of 
the elegant hygrometer of the late Mr. Daniell.* This instrument 
(see figure 43) consists of two glass balls, a and 5, connected by a 
syphon, and containing a quantity of ether, from which the air has 
been expelled by the same means as in the cryophorus of Dr. Wollas¬ 
ton (page 66). One of the arms of the syphon tube contains a small 
thermometer, with its scale, which should be of white enamel j the 
Fig. 43. bulb of the thermometer descends into the baU, 

b, at the extremity of tliis arm, and is placed,, 
not in the centre of the ball, but as near as 
possible to some point of its circumference. A 
zone of this ball is gilt and burnished, so that 
the deposition of dew may easily be perceived 
upon it. The other ball, a, is covered with 
mushn. When an observation is to be made, 
this last ball is moistened with ether, which is 
supphed slowly by a drop or two at a time. It 
is cooled by the evaporation of the ether, and 
becomes capable of condensing the vapour of flie 
included fluid, and thereby occasions evaporation 
in the opposite ball, b, containing the thermo¬ 
meter. The temperature of the ball, b, should 
be thus reduced in a gradual manner, so that the degree of the ther¬ 
mometer at which dew begins to be deposited on the metallic part of 
the surface of the ball may be observed with precision. The tem¬ 
perature of b being thereafter allowed to rise, the degree at wliich the 
dew disappears from its surface may likewise be noted. It should not 
differ much from the temperature of the deposition, and will probably 
give the dew-point more correctly; although, strictly speaking, the 
mean between the two observations should be the true dew-point. It 
* Daniell’s Meteorological Essays, p. 147. 
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is convenient to have a second thermometer in the pillar of the 
instrument, for observing the temperature of the air at the time. 

M. Eegnault proposes a modification of Danielles hygrometer, under 
the name of the Condenser-hygrometer, which app^s to be the 
most perfect instrument of the class. It consists of a thimble, ah c 
(figure 44), made of silver, very thin, and perfeetly polished, 1.8 
inch in depth, and 8-lOtlis of an inch in diameter, wliich is fitted 
Pig. 44. Fio. 45. tightly upon a glass tube, 

c d, open at both ends. 
The tube has a small late¬ 


ral tubulure, t. The upper 
opening of the tube is 
closed by a cork, which is 
traversed by the stem of a 




very sensible thermometer 
occupying its axisthe 
bulb of the thermometer is 
in the centre of the silver 
thimble. A very thin glass 
t\x}at,fg, open at both ends, 
traverses the same cork, 
and descends to the bottom 
of the thimble. Ether is 
poured into the tube as 
liigh as m 7i, and the tubu¬ 
lure t is placed in commu¬ 
nication by means of a 
leaden tube with an aspi¬ 
rator jar six or eight pints 
in capacity, filled vith 
water. The aspirator jar 
is placed near the observer. 


while the condenser-hygrometer is kept as far from his person as is 


desirable. 


- On allowing water to run from the aspirator jar, air enters by the 
tube g f, passing bubble by bubble through the ether, which it cools 
by carrying away vapour; the refrigeration is the more rapid, the 
more freely the water is allowed to flow; and the whole mass of 
ether presents a sensibly uniform temperature, as it is briskly agitated 
by the passage of the bubbles of air. The temperature is sufficiently 


♦ Annales, XV. PI. 2. 
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lowered in less .than a ihiniite to determine an abundant deposit of 
dew. The thermometer is then observed through a little telescope; 
suppose that it is read off Ut *50®. This temperature is evidently 
somewhat lower than what corresponds exactly to the air's humidity. 
By closing the stopcock of the aspirator the passage pf air is stopped, 
the dew disappears in a few seconds, and the thermometer again 
rises. Suppose that it marks 52® i this degree’is above the dew¬ 
point. The stopcock of the aspirator is then Opened very slightly, so 
as to determine the poi^age of a very small stream of air bubbles 
through the ether. - If the thermometer continues, notwithstanding, to 
rise, the stopcock is opened further, and the thermometer brought 
down to 51°.8 : by shuttiilg the stopcock slightly, it is easy to stop 
the faUing range, and make the thermometer remain stationary at 
bl®.8 as long as is desired. If no dew forms after the lapse of 
a few seconds, it is evident that 51°.8 is higher than the dew-point. 
It is brought down to 51°s6, and maintained there by regulating the 
flow. The metallic surface being now observed .to become dim after 
a few seconds, it is concluded that 51°.6 is too low, while 61®.8 was 
too high. A still greater approximation even may be made, by now 
finding whether 51°.7 is above or below the point of condensation. 
These operations may be executed in a very short time, after a little 
practice; three or four minutes being found sufB,cient,' by M- Beg- 
nault, to determine the dew-point to within about of a degree 
Bahr. A more considerable fall of temperature may be obtained by 
means of this than the original instrument of Daniell, with the con¬ 
sumption of a much less quantity of ether; indeed, that liquid may 
be dispen^ with entirely, and alcohol substituted for it. The ther¬ 
mometer, T, to observe the temperature of the air during the experi¬ 
ment, is placed in a second similar glass tube and thimble a' h', also 
under the influence of the aspirator, but containing no ether. 

In evaporating by means of hot air, as^ drying goods in the ordi- 
naiy bleachers' stove, wluch is heated, by flues from a fire carried 
along the floor, it should be kept in mind that a certain time must 
elapse before air is saturated with humidity. Mr. Daniell has observed 
that a few cubic inches of dry- air continue to expand for an hour or ^ 
two, when exposed to water at the temperature of the air. At high 
temperatures, the diffusion of vapour into air is more rapid; but still 
it is not at all instantaneous. Hence, in such a drying stove, means 
ought to be taken to repress rather than to promote the exit of the 
hot air;- otherwise a loss of heat will be occasioned by the escape of 

H 
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the air, before it is Saturated with hiiraiditj. The greatest advantage has 
been derived from closing such a stove as perfectly as possible at the 
top, and only opening it after the goo'ds are dried and about to be re- 
nioved, in order to allow of a renewal of the air in the chamber between 
each operation.. In evaporating water by heated air, the vapour itself 
carries off exactly the same quantity of heat as if it were produced 
by boiling the water at 212° wlule the air associated with it likewise 
requires to have its temperature raised, and therefore occasions an 
additional consumption of heat. Hence water can never be evapo¬ 
rated by air in a drying stove with so small an expenditure of fuel as 
in a close boiler. 

When bodies to be dried do not part' with their moisture freely, 
but in a gradual manner, as is the case with roots, and most organic 
substances, the Jiot air to dry them may be greatly economised by a 
particular mode of applying it, which is practised in the madder- 

stove. The principle of this dry¬ 
ing stove is illustrated by the an¬ 
nexed figure, in which a h repre¬ 
sent a tight chamber, having two 
openings, one near the roof, by 
which hot air is admitted into the 
chamber, and another at the bot¬ 
tom, by wliich the air escapes into 
the tall chimney c. The chamber 
contains a series of stages, from 
the floor to the roof, on the lowest 
of which, sacks, half filled with 
the damp madder roots, are first placed. In proportion as the roots 
dry, the bags are raised from stage to stage, till they arrive at the 
highest stage, where they are exposed to the air when hottest and 
most desiccating. As the dried roots are removed from the top, 
new roots are introduced below, and passed through in the same 
manner. Here the dry and hot air, after taking all the^ moisture 
which the roots on the highest stage will part with, descends, and is 
still capable of abstracting a second quantity of moisture from the 
roots on the next, and so on, as .it proceeds, till it passes away into 
the chimney absolutely saturated with moisture, after having reached 
the bottom of the chamber. 


Fig. 46. 


a 
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It is frequently an object to dry a 
small quantity of a substance most 
completely (such as an organic sub¬ 
stance for analysis) at some steady 
temperature, such as 212°. This is 
effected very conveniently by means of 
a little oven, (figure 47), consisting of 
a double box of copper or tin-plate, 
about six inches square, with water 
between the casings, which is kept in a 
state of ebullition by means of a gas 
flame, or spirit lamp. 

NATURE OF HEAT. 

It is convenient to adopt the material theory of heat in considering 
its accumulation in bodies, and in expressing quantities of heat and 
the relative capacities of bodies for heat. Indeed, every thing relat¬ 
ing to the absorption of heat, suggests the idea of its substantial 
existence; for heat, unlike light, is never extinguished when it falls 
upon a body, but is either reflected and may be farther traced, or is 
absorbed and accumulated in the body, and may again be derived 
from it without loss. But the mechanical phenomena of heat, which 
resemble those of light, may be explained with equal if not greater 
advantage by assuming an undulatory theory of heat, corresponding 
with the undulatory theory of light. A peculiar imponderable me¬ 
dium or ether is supposed to pervade all space, through which undu¬ 
lations are propagated that produce the impression of heat. A hot 
radiant body is a body possessing the faculty to originate or excite 
such undulations in the ether or medium of heat, which spread on all 
sides around it, like the waves from a pebble thrown into still water. 
Sound is^ropagated by waves in iliis manner, but the medium in 
which they are generally produced, or the usual veliiclo of sound, is 
the air; and all the experiments on the reflection and concentration 
of heat, by concave reflectors, may be imitated by means of sound. 
Thus, if a watch instead of the lamp be placed in the focus of one of 
a pair of conjugate reflecting mirrors (fig. 19, p. 31), the waves of air 
occasioned by its beating emanate from the focus, strike Sigainst the 
mirror, and are reflected from it, so as to break upon the face of the 
opposite mirror, are concentrated into its focus, and communicate 
the impression of sound to an ear placed there to receive it. The 


Pro. 41. 
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transmission of heat from the focus of one mirror to the focus of 
tlm other may easily be conceived to be the propagation of similar 
undulations through another and difthrent medium from air, but co¬ 
existing in the same space. 

' In adopting the material thecgry of heat, we are under the neces¬ 
sity of assuming that there are different kinds of heat, some of which 
are capable of passing through glass, such as the heat of the sun, 
while others, such as that radiating from the hand, are entirely 
intercepted by glass. But on the undulatory theory the different 
properties of heat are referred to differences in the size of the 
waves, as the differences of colour are accounted for in light. Heat 
of the higher degrees of intensity, however, admits of a kind of 
degradation, or conversion into heat of lower intensity, to which we 
have nothing parallel in the case of light. Thus when the calorific 
rays of the sun, which are of the highest intensity, pass through glass, 
and strike ^ black wall, they are absorbed, and appear immediately 
afterwards radiating from the heated wall, as heat of low intensity, 
and are no longer capable of passing through glass. It is as yet an 
unsolved problem to reverse the order of this change, and convert 
heat of low into heat of high intensity. The same degradation of 
heat, or loss of intensity, is observed in condensing steam in distilla¬ 
tion. The whole heat of the steam, both latent and sensible, is 
transferred without loss in that process, to perhaps fifteen times as 
much condensing water; but the intensity of the heat is reduced 
from 21^*^ to perhaps 100° Palir. Tlie heat is not lost; for the 
fifteen parts of water at 100° are capable of melting as much ice as 
the original steam. But by no quantity of this heaj; at 100° can 
temperature be raised above that degree : no means are -known of 
giving it intensity. 

If heat of low is ever changed into heat of high intensity, it is in 
the compression of gaseous bodies by mechanical means. Let steam 
of half the tension of the atmosphere, produced at 180°, in a space 
otherwise vacuous, be reduced into half its volume, by dodbhng the 
pressure upon it, and its temperature wiU rise to 212°. If the pres¬ 
sure be again, doubled, the temperature wiU become 250°, and the 
whole latent heat of the steam will now possess that high intensity. 
When air itself is rapidly compressed in a common syringe, we have a 
remarkable conversion of heat of low into heat of very high intensity. 

It may be imagined that the elevation of temperature produced in 
the fricti^ of hard bodies has a similar origin; that it results from 
the cpiiirsion of heat of low intensity, which the bodies rubbed 
s, into heat of high intensity. But it would be neces- 
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sary further to suppose that a supply of heat of low intensity to the 
bodies rubbed can he endlessly kept up, by conduction or radiation, 
from contiguous bodies, as there is eertaijily no limit to the produc¬ 
tion of heat by means' of friction. 

Count Rumford, by boring a cylinder of cast iron, raised the 
temperature of several pounds of cold water to the boiling point. 
Sir H. Davy succeeded in melting two pieces of ice in the vacuum of 
an air-pump, by making them rub against each other, while the 
temperature of the air-pump itself and the surrounding atmosphere was 
below 32°. M. TIaldot observed that when the surface of the rubber 
was rough, only half as much heat appeared as*when the rubber was 
smooth. When the pressure of the rubber was quadrupled, the pro¬ 
portion of heat evolved was increased seven fold. When the rubbing 
apparatus was surrounded by bad conductors of heat, or by 
non-conductors of electricity, the quantity of heat evolved was 
diminished.* * 

According to Pictet, a piece of brass, nibbed with a piece of cedar 
wood, produced more heat than when rubbed with another piece of 
metal; and 'the heat was still greater when two pieces of wood were 
rubbed together. He also finds that solids alone produce heat by 
friction; no heat appears to arise from the friction of one liquid upon 
another liquid, or upon a solid, nor by the friction of a current of air 
or gas upon a liquid or solid. . 

One other point only connected with the nature of heat remains, to 
which there is at present occasion to allude—^the existence of a repul¬ 
sive property in heat. Such a repulsive power in heated bodies is 
inferred to e^st from the appearance of extreme mobility which 
many fine powders assume, such as precipitated silica, on being 
heated nearly to redness. Professor Porbes also attributes to such 
a repulsion the vibrations which take place between metals unequally 
heated, and the production of tones, to which allusion has already 
be^n made. But this repulsive power was rendered conspicuous, 
and eveti measurable, by Dr. Baden Powell, in the case of glass 
lenses, of very slight convexity, pressed together. On the applica¬ 
tion of heat, a separation of the glasses, through extremely small but 
finite spaces, was indisated by a change in the tints which appear 
■ between the lenses, and which depend upon the thickness of the 
included plate of air. This repulsion between heated surfaces appears 
to be promoted by whatever tends to the more rapid communication 
of heat.t ■ 

* Nicholsou’u JournaJ, *xvi. 30. t Phil. Trans. 1834, p. 486. 
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LIGHT. 

The mechanical properties of light constitute the science of optics, 
and belong, therefore, to physics, and not to chemistry. But it may 
be useful, by a short recapitulation, to recal them to the memory of 
the reader. 

1. The rays of light emanate with so great velocity from the sun, 
that they occupy only 7^ minutes in traversing the immense space 
which separates the earth from that luminary. They travel at the 
fate of 192,500 miles in a second, and would, therefore, move through 
a space equal to the circumference of our globe in l-8th of a second. 
They are propagated continually in straight lines, and spread or diverge 
at the same time j so that their density diminishes in the direct pro¬ 
portion of the squares of their distance from the sun. Hence, if the 
earth were at double its present distance from the sun, it would 
receive only one-fourth of the light; at three times its present distance, 
one-ninth; at four times its present distance, one-sixteenth, &c. 

2- "When the solar rays impinge upon a body, they are reflected 
from its surface, and bound off, as an elastic ball striking against the 
same surface in the same direction would do; or they are absorbed 
by the body upon which they fall, and disappear, being^xtiriguished; 
or lastly, they pass through the body, wliich in tliat case is transpa¬ 
rent or diaphanous. In the first case, the body becomes visible, 
appearing white, or of some particular colour, and we see it in the 
direction in which the rays reach the eye. In the second case, the 
body is invisible, no light proceeding from it to the eye; or it appears 
black, if the surrounding objects are illuminated. In the third case, 
if the body be absolutely transparent, it is invisible, and we see 
through it the object from w^hich the light was last reflected. But 
light is often greatly affected in passing through transparent bodies. 

3. If light enter such media, of uniform density, perpendicularly 
to their surface, its direction is not altered; but in passing obliquely 
out of one medium into another, it undergoes a change of direction. 
If tl^ second medium be denser than the first, lie ray of light is 
r^acted^ nearer to the perpendicular; but in passing out 
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from a denser into a rarer medium, it is refracted from ttie perpen- 
Fig. 48, • dicular. Thus, when the ray of 

light r, passing through the air, 
falls obliquely upon a plate of glass 
at the point a, instead of continu¬ 
ing to move in the same straight 
line a 5, it is bent towards the 
perpendicular at and proceeds 
in the direction a c. The ray is bent to the side on which there is 
the greatest mass of glass. On passing out from the glass into the 
air, a rarer medium, at the point c, the ray has its direction again 
changed, and in this case from the perpendicular, but still towards 
the mass of glass. The amount of refraction, genially speaking, is 
proportional to the density of a body, but combustible bodies possess 
a higher refracting power than corresponds to their density. • Hence 
the diamond, melted phosphorus, naphtha, and hydrogen gas, exhibit 
this eflect upon light in a grc'ater degree than other transparent 
bodies. Dr. Wollaston had recourse to this refracting power as a test 
of the purity of some substances. Thus, genuine oil of cloves had a 
refracting power expressed by the number 1535, wliile that of an 
impure specimen was not more than 1498. 

4. In i)assing through many crystallized bodies, such as Iceland 
spar, a certain portion of light is refracted in the usual way, and 
another portion undergoes an extraordinary refraction, in a plane 
parallel to the diagonal which joins the two obtuse angles of the 
cry.stal. Such bodies are said to refract douhlyy and exhibit a 
double image of any body viewed through them. 

5. Reflected and likewise doubly refracted light assume new pro- 
j)erties. Commoih light, by being rcllceted from the siirface of glass, 
or any bright surface non-metallic, is more or less of it converted 
into what is calleil jwlarized light. If it be reflected at one parti¬ 
cular angle of incidence, 50° 45', it is all changed into polarized 
light; and the further the angle of reflection deviates from 56°, on 
either side, the less is polarized, and the more remains common light. 
56° is the maximinn polarizing angle for glass; 5a°.45' for water. 
Tlie light is said to be polarized, from certain properties which it 
assumes, which seem to indicate tliat the ray, like a magnetic bar, has 
sides in wliioli reside peculiar powers. One of these new properties 
is, that when it falls upon a second glass plate, it is not reflected in 
the same way as iJfemon light. If the plaiie of the second reflector 
is perpendicular to the first, and the ray fall at an angle of 56°, it 



,104 


UGHT. 


is not reflected at all, it vanishes; but if parallelt it is entirely 
reflected. Polarized light appears to possess some most ext^Or- 
dinary properties, in regard to vision, of useful application. It is said 
that a body which is quite transparent to the eye, and which appears 
upon examination to be as homogeneous in its structure as it is in its 
aspect, will yet exhibit, under polarized light, the most exquisite 
organization. As an example of the utility of this agent in exploring 
mineral, vegetable, and animal structures. Sir D. Brewster refers to 
the extraordinary structure of the minerals apophyllite and analcime; 
to the symmetrical and figurate disposition of siliceous crystals in the 
epidermis of equisetaceous plants, and to the wonderful variations of 
density in the crystalline lenses, and the integuments of the eyes of 
animals, which polarized light renders visible.* 

6. Decomposition of. light. When a beam of light from the sun 

Fig. 49. 
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is admitted into a dark room, by a small aperture r in a window- 
shutter, and is intercepted in its passage by a wedge or solid angle of 
glass a b Cj it is refracted as it enters, and a second time as it issues 
from the glass j and instead of forming a round spot of white light, 
as it would have done if# allowed to proceed in its original direc¬ 
tion r t, it illuminates with several colours an oblong space of a white 
card e f, properly placed to receive it. The solid wedge of glass is 
called a prism, and the oblong coloured image on the card, the solar 
spectrum. Newton counted seven bands of different colours in the 
^ectpim, which, as they succeed each other from the upper part of 
the spectrum represented in .the figure, are violet, indigo, blue, green, 
yellow, orange, and red. The beam of light admitted by the aperture 
in the windqw-shutter has been separated in passing through the 
prism into rays of different colours, and this separation obviously 
depends upon the rays being unequally refrangible. The blue rays 
are more considerably refracted or deflected out - of their course, in 
passi^|hrough the glass, than the yellow rays, m the yellow rays 

.. . 

♦ of the British A»iuci»tion, vol. i. Report upon Optics, by Sir 1). Brewster. 
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than the red. Hence the violet end is spoken of as the most refran¬ 
gible^ and the red as the least refrangible end of the spectrum. 

. The coloured bands of the spectrum differ in width, and are shaded 
into each other; and it is not to be supposed that there are really 
rays of seven different colours. Sir D. Brewster has established, in 
his analysis of solar light, that .there are rays of three colours only, 
blue, yellow, and red, which were well known to artists to be the 
three primary colours of which all others are compounded. 

A certain quantity of white light, and a portion of each of the 
primary rays, may be found at every point from the top to the bottom 
of the spectrum. But.each of the primary rays predominates at a 
particular part of the spectrum. This point is, for the blue rays, 
near the top of the spectrum; for the yellow rays, somewhat below 
the middle; and for the red rays, near the bottom of the spectrum. 
Hence, there exist rays of each colour of every degree of refrangi- 
bility; but the great proportion of the yellow rays is more refrangible 
. I’m. 30. red, and the great proportion of 

Blue Yellow ' the blue more refrangible than either the 

spectrum spectrum spectrum mi * t 

yellow or red. The compound spectrum 
which we observe is in fact produced by 
the superposition of tlixee simple spectra, 
a blue,' a yellow, and a red spectrum. 
The distribution of the rays in each of 
these simple spectra is represented by the 
shading in the annexed figures. Of the 
seven different coloured bands into which 
Newton divided the spectrum, not one is a 
pure colour. The orange is produd^d by a predominance of the 
yellow and red rays; the green, by the yellow and blue rays, and the 
indigo and violet are essentially blue, with different proportions of 
red and yellow.* 

By placing a second prism a d c, in & reversed position, in contact 
with the first prism, the colours disappear, and we have a spot of 
white hght, as if both prisms were absent. The three coloured rays 
of the spectrum, therefore, produce white light by their union. 

' On exalnining the solar spectrum. Dr. Thomas Young observed 
that it is crossed by several dark lines ; tliat is, that there are interrup¬ 
tions in the spectrum, where there is no light of any colour. 

* Sir David Brewst^' On a New Analysis of the Solar Light, iudigating three piiinary 
colours, forming comment spectra of equal length. Edinburgh Phll.^Irans. vol. xii. 
p. 15J3. 
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flr^iiHltofeF subsequently found that the lines in the spectrum of 
sol^. light were much more numerous than Dr. Young had imagined, 
while the spectrum of artificial flames contains all the rays 

which are thus wanting. One of the most notable is a double dark 
line in the yellow, which occurs in the light of the sun, moon, and 
planets. In the light of the fixed stars, Syrius and Castor, the same 
double line does not occur; but one conspicuous dark line in the 
yellow, and two in the blue. The spectnun of Pollux, on the con¬ 
trary, is the same as that of the sun. Now a very recent discovery 
of Sir D. Brewster has given these observations an entirely chemical 
character. He has . found that the wliite light of ordinary flames 
requires merely to be sent tlirough a certain gaseous medium (nitrous 
acid vapour) to acquire more than a thousand dark lines in its 
spectrum. He is hence led to infer that it is the presence of certain 
gases in the atmosphere of the sun wliich occasions the observed 
deficiencies in the solar spectrum. We may thus have it yet in our 
power.to study the nature of the combustion which lights .up tlie 
suns of other systems. Dr. Miller, by subjecting the spectrum to the 
absorptive iflfluences of chlorine, iodine, bromine, perchloride of 
manganese, and other coloured vapours, brought into view numerous 
dark bands not previously observed. The spectra of coloured flames 
were also marked by peculiar lines. 

The rays of heat are distributed very unequally throughout the 
luminous spectrum \ most heat being found associated with tlie red 
or least refrangible luminous rays, and lefist with the violet rays. 
Indeed, when the solar beam is decomposed by a prism of a highly 
diathermanous material, such as rock salt, the rays of heat are found 
to extend, and to have their ^int of maximum intensity consider¬ 
ably beyond the visible spectrum, on the side of the red ray. Hence, 
although there are calorific rays of all degrees of refrangibility, the 
great proportion of them are even less refrangible than the least 
refrangible lunnnous rays. It is to be observed that the least refrangi¬ 
ble rays are absorbed in greatest proportion in passing through bodies 
which are not highly diathermanous; such as crown-glass, and 
water. Hence prisms of these substances, allowing only the more 
refrangible rays of heat to pass, give a spectrum which is hottest in 
the red, or perhaps even in the yellow ray, and possesses little or no 
heat beyond the border of the red ray. The inequality in refrangibi¬ 
lity existing between the rays of heat and of light is decisive of the 
fact that they we peculiar rays, that can be s<^flarated, although 
associated 4ogether in the sunbeam. Indeed, Molloni finds that light 
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j&bm both solar and terrestrial sources is divested of iJl heat by pass¬ 
ing successively through water, and a glass-coloured green by oxide 
of copper, being incapable as it issues from these media of affecting 
the most delicate thermoscOpe. 

The light of the sun is capable of inducing certain chemical 
changes which depend neither upon its luminous nor calorific rays, 
but upon the presence of what are called chemical ray a. Thus, 
under the influence of light, chlorine gas is capable of decomposing 
water, combining with its hydrogen, and liberating oxygen; the 
chlorine in the freshly precipitated chloride of silver appears to be 
liberated, and the colour of the salt changes from white to black from 
the formation of a subchloride. Photographic impressions are obtained 
on paper by means of this and other salts of silver, particularly the 
bromide and- iodide, which are still more sensitive to light. A 
polished plate of silver, covered with the thinnest film of iodide, is em¬ 
ployed to receive the image in the daguerreotype. The moist chloride 
of silver- is darkened more rapidly by the violet than by the red rays 
of the spectrum; but this change is produced upon it even when car¬ 
ried a little way out of the visible spectrum on the side of the violet 
ray. The rays found in that situation are, therefore, more refran¬ 
gible than any other kind of rays in the spectrum. Their characte¬ 
ristic effect is to promote those chemical decompositions in which 
oxygen is withdrawn from water and other oxides; and hence they are 
sometimes named de-oscidisiny rays. These rays were likewise sup¬ 
posed to communicate magnetism to steel needles exposed to them; 
but this opinion is no longer tenable. 
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CHAPTEE III. 

■f 

Section I. 

CHEMICAL NOMENCLATUHE AND NOTATION. 

There are fifty-mne substances at present known, which ore simple, 
or contain one kind of matter only. Their names are giv^n in the 
following table, together with obtain useful numbers which express 
the quantities by weight, according to which the different elements 
combine with each other. The letter or symbol annexed to the name 
is employed to represent these particular quantities of the elements,^ 

or the chemical equivalents. 

• • 

TABLE OF ELEMENTAEY SUBSTANCES, 

With their Cheuicai. EauivALENTS. 

For the autkoriiie* for tbe.nioM&ere in this table, see note at page llO. 



HI 

Equivalents. 


Names of 
Elements. 

Symbols 

Hydrogen ' 
»= 1 . 

Oxy.-^lOO. 

H>=ia-s. 






f Alg O 3 , alumina. 

Aluminmn. . . 

A1 

13'69 

171-17 

< Al'a Clg, chloride of alominum. 

"(.Alg Og, 3SOg, stilph(ito of alumina. 

Antimony 

Sb 

V12903 

1612-90 

^ SbOg, oxide of antimony. 

(Stibium) . . 


1 SbOg, antimouic acid. 

Arsenic .... 

As 

76 

937-50 

( AsOg, arsenious acid. 

( AsOg, arsenic acid. 

Barium .... 

Ba 

68-64 

858-01 

( BaO, baiyta. 
t BaCl, chloride of barium. 





C BiO, oxide of bismuth. 

Bismuth.... 

Bi 

70-95 

886-92 

< BiO, KOg, nitrate ol bismuth. 

(, BiCl, chloride of bismuth. 

Boron . . .... 

B 

1P'90 

136-20 

f BOg, boric or boradc acid, 
t BUg, fluoboric acid. 



Bromine. . . . 

Br 

78-20 

978.80 

CBrOg, bromic acid. 
i BrH, hydrobxomie arid. 

Cadmium . . . 

Cd 

55-74 

696-77 

C CdO, oxide of cadmium. [mium. 

(. CdS, sulphide or sulphuret of cad- 

Calcium .... 

Ca 

20 

250-00 

< CaO, lime. 

(. CaCl, chloride of calrium. 



• ■ , 


rCO, carbouie .oxide. 

Carbmi ... . 

C 


76.00 

j COg, carbonio acid.. 

* 


In 


(. CS^, sulphide or sulphuret of carbon. 
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Names of 
Elements'. 


Cerium .... Ce 



Equivalents. 


Chlorine, . 


Chromium. 


Cobalt. . . 

Copper 

(Cuprum) 

Didymium 

Fluorine. . 

Olucinum . 


Gold (Aurum). Ail 


Hydrogen . 


Iodine 


Iridium . 


, Cl 


. Cr 


. H 


. Ir 


Iron (Perrum). Fe 

Lanthanum . . Ln 

Lead 

(Plumbum) . ' " 

Lithium .... Id 

Magnesium . . Mg 

Manganese , . Mn 


Mercury (Hy¬ 
drargyrum) 

Molybdenum . 
Nickel. 


Niobium. . 

Nitrogen or 
azote . . 

Osmium. . 


Oxy.=l(IO. 

&.»= 19 * 5 . 


35-50 443-75 


28*15 351-82 


6-43 

12-87 


f oside of cerium. 

1 CegO,, sesquioxide of cerium, 
r ClOg, chloric aedd. 
y CIO,, perchloric amjl. 

C CIH, hydrochloric add. 


, chromic acid, 
g, eeBqui^i4e of chromium. 


29-62 868-99 | ? ^oO, oxide of cohalt: 


sulphate of chro- 


CogOg, sesquioxide of col^t. 


copp^. 


[mium. 


81*^6 395-70 


18-70 233 80 f HF, hydrofluoric add. 

(. BFg, flnoboric acid. ' 

26-50 831-26 (. . 


. 98-33 1229-16 

1 12-50 

126-36 1579-50 

98-68 1238-50 


350-00 


108-56 f 1294-50 


80-37 

158-35 


27-67 845-90 


100-07 1260-9 


47-88 

29-57 


598-52 

869-68 


L G1 j,C1b, chloride of glucinum. 
r AugO, oxide of gold. 

L AugOg, sesquioxide of gold, 
r HO, water. 

t HO 3 , biuoxide of hydrogen, 
f lO, iodic acid, 
i HI, %driodic add. 
r IrO, protoxide of iridium, 
t Ir^Og, sesquioxide of iridium. 

'' FeO, protoxide of iron. 

1 Fe^Og, sesquioxide of iron. 

) FcgOg, 8SOg, sulphate of seaqui- 
L oxide of iron. 

LnO, oxide of lanthanum. 

C PbO, oxide of lead, 
t. PhC], chloride of lead, 
f LiO, oxide of lithium. 
i LiCl, chloride of lithium. . 

( MgO, maguesia. 

C MgCl, chloride of magnesium. 

^ MuO, protoxide of manganese. 

3 MnOg, binoxide of manganese. 

J MuOg, manganic acid. 
v.MngO,, permanganic acid. 

^ HggO, snboxide (black oxide), 
j HgO, oxide (red oxide). 

1 HggCl, subchloridc (calomel). 
CHgCI, chloride (sublimate). 

MOg, molyhdic acid. 

C NiO, protoxide of nickel. 

^ NigOg, sesquioxide of nickel. 


N (or 
Az) 


99-66 


CNOg, nitric acid. 

176-00 < NOg, binoxide of lutrogeh. 
(.NHg, ammonia. 

1244-49 OsO^, osmic acid. 










ilO OREMIOAL NOMENClATtiEE AKI> HOTAflON. 


' 'vK ■' '^7 ' ■ ■ 

, ' 

Equivalents. 


Ifaiim of 
Blementa. . 

Symboli 

Hydrogen 

Oxy.a= 100 . 


Q^ea .... 

o 

8 

100-00 

<$ 

Peiiladiuni . . . 

Pd 

53-27 

665*90 

( PdO, protoxide of polladinm. 

( Pdps, peroxide of palladium. 

Pdopium . . .• 

• « 

• . 

• 



400-3 

rPhO*, phosphoric acid. 

Phosphoma . . 

Ph 

82-0»- 

3 PhO„ phosphorous acid. 

‘o ' 



i, PhHa, phosphuretted hydrogen. 

Platmniii . . . 

Pt 

98-68 

1833*60 

f PtO, protoxide of platinum. 

( PtOg, binoxide of platinum. 

Potassium 

K 

39-00 

487-50 

f KO, potash. 

(Kalinm) . . 

t KCi, chloride of potaasium. 

Bhodhun ... 

B 

52-11 

661*39 

C BO, protoxide rhodium. 

1 BaOg, sesquioxide of rhodium. 

Untheniup . . 

Ru 

58-11 

651-89 

sesquioxide of rathenium. 

C SeOa, ^enie acid. 

( ScH, hydrosdenic acid. 

Selenium. .... , 

Se 

39*67 

494-58 

Silicium .... 

Si 

21-85 

266-82 

f SiOg, sihcio add, or silica. 

( SiFg, fluosilicie add. 

Silver 

* (Argentum). 

Ag 

108-00 

1350-00 

( AgO, oxide of silver. 

AgCl, chloride'of silver. 

Sodium 

(Natroninm) 

Na 

22-97 

28717 

C NaO, soda. 

\ NaOl, chloride of sodium. 

Strontium . . . 

Sr 

43-84 

i 548-02 

f SrO, strontium, 

( SrCl, chloride of strontium. 

Suljdinr . . 

Tantalum or , 
Columbium . 

S 

Ta 

16 

92*30 

200-00 

1153-73 

f SO 3 , sulphuric acid. 

( SH, hydirosulphuric acid, 

( TaO, oxide of tantrum. 

( TaOg, tautalic acid. 

Tellurium . . . 

Te 

66*14 

801-76 

f TeOg, tdlurie acid. 

( TcH, hydrotelluric acid. 

Thorium. . . . 

Th 

59-69 

744-90 

( ThO, oxide of thorium. 

( ThCl, chloride of thorium. 

Tin (Stannum) 

Sn 

68*82 

735-29, 

( SnO, protoxide of tin. 

( SnOs, binoxide of.tin. 

Titanium . . . 

Ti 

24-29 

303-66 

( TiOg, titanic add. 

( TiClg, bichloride of titanium. 

Tungsten ^ 
(Wolfram).'. 

W 

94-64 

1188-00 

WO„ tungstic add. {;peUgot). 

Uranium. . . ., 

U 

60 

750 

(tJO, oxide of uranium (urono ol 
^ UgOg, uranic acid. 

Vanadium . . . 

V 

68-55 

856-89 

VOg, vanadic add. 

Yttrium .... 

Y 

82-20 

402-51 

C YO, yttria. 

( YCl, chloride of yttrium. 

Zinn. 

Zn 

82-62 

406-59 

f ZnO, oxide of zinc. 

( ZnCi, chloride of zinc. 


•. ft 

Zirconium . . . 

Ze 

83*62 

420-20 

f ZrgOg, zircouia. 

( ZrgClg, chloride of zirconium. 

■ ■ 


* 4 ,* The immbera in tihe Receding tabk are, with wveral exceptions, those of BerzcUas. 
The eqmvaleni of carbon has laldy been reduced, with the general concurrence of chemists, 
firom 76^4, on the. oxygen scale, to 75, end hydrogen made 18.5 exactly, chiefly from 
the experiments of M. Bnmag on the cophustion of carbon and hydrcrgen gas by means 
of oxygen and oxide of co^ear, in hia refined arrangement for organic analysis (Ann, de 
Ghiip^ I. 6 >. For mtipgea, M. Fekp^O obtained, by two fmalyses of aal'anunoniac, the 
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niimbeTS 175.58 and 174.78; M. Marignac obtained for tbe aame element tbe wiim!.ftr 
175.35, ficom tbe aualysis of nitrate of'dllra:; and T. Andei^n has bem led to nearly 
tbe same resnlt, by an analysis of. the nitrate of lead. These results ipennit the adoption 
of 175 as the equivalent of nitrogen: the old number was 177.04. 

The equivalents of cMorine, potassium, and silver, the most fundamental numbers in 
the table, which were determined by Berzelius with remarkable precision, have received 
email corrections from M. Mariguac. Seven experiments were mode by the latter chemist 
on the decomposition of chlorate of potash by heat, in each of which from 800 to 1100 
grains of the salt were employed, wMch gave him from 30.155 to 39.167 per cent, of 
oxygen; he adopts 89.161, the actual result of two experiments. Berzelius had obtained, 
thirty yews before, 89.16. Pdouze has also obtained identically the same result (Pog- 
gendorff's Annalen, Iviii. 171). On the other hand, 100 parts of silver required for pre¬ 
cipitation from solution of nitrate, 69.062 parts of chloride of potassium- (mean of six 
experiments); the maximum was 69.067, and the minimum 69.049; while the preci¬ 
pitated chloride of silver amounted after fusion to 132.84 parts, as the mean of five 
experiments, of which fhe maximum was 132.844, and the minimum 132.825 parts 
(Marignac). These e^eiiments, from which the equivalents are deduced, obtain the 
unqualified approbation of Berzelius, who gives the numbers reduced to a vacuum as 
they appear below. (Bapiiort Annuel sur le Progrra de la Chimie, piar J. Berzelius, 
Paris, 1845, p. 32). 

* Marignac. Berzelius (old numbers.). 

Chlorine .... 443.20 

Potassium .... 488.94 489.92 

Silver.1349.01 1351.61 

PiuoUy, M. Maomene has investigated the some three important equivalents; decom¬ 
posing the chlorate of potash by heat, and by guarding against certain minute sources of 
inaccuracy, raising the proiiortion of oxygen from 100 salt to 39.209; also decomposing 
the frised chloride of silver by hydrogen gas, and analyzing tbe oxalate and acetate of 
silver. The experiments of this chemist appear to be executed with a degree of exactness 
which can scarcely be exceeded, and lead to conclusions of the highest interest, as they 
give numbers which approach so closely to mriltiplcs of 6.35, the half equivalent of 
hydrogen, that the difibrences may be safely considered as falling within the imavoidable 
errors of observation, and the multiple numbers assumed os the true numbers for the 
three equivalents in question, (Annales, See. 1846, xviii. 41.) The results ate:— 

Maumcnc. Multiple Numbers. 

Chlorine . . 443.669 . . 443.76 = 6.25, x 71 

PoUissium . . 487.004 . . 487-60 * " x 78 

Silver . . 1350.322 . . 1850.00 = “ x 216 

The following short table contiuns numbers lately obtained by M. Pelonze, for several 

elements; differing sensibly from the numbers of Berzdius, for which they ate substi¬ 

tuted, and multiples of 6.26, to which they all closdy approximate, ’’ 

Berzelius. Pelouze. Multiples of 6.26, 

Sodium . 290.90 . 287.17 •. 287.50 = 6.26 x 46 

Barium . 856.88 868.03 ^ . 866.26 = *' x 187 

Strontium. 547.29 . 548.02 . 560.00 = “ H 88 

Silicium . 277.29 . 266.82 268.75 =» “ .,K 43 

Phosphorus 392.20 . 400.30 . 400,00 = x 64 

Arsenic . 940.08 . 987.50 . 937.50 =» •' x 150 

The equivalent of sodium was determined from the quantity of chloride of sodium required 
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^ <jf>0 jftrte ot. gilver from the nitrate. Buriunit stroAtium, ^icium, phos. 

a- nmilef tanner, also hy the ^hantity of ^^Ver which their 

v calciom is takeh at 250, ‘after Dumas; MM. Erarftann and 

^ haW Aftaflemed tha e^tuvtilent; Bmelius himself reduces his first number 
to : 881.^- -Stlphur and meroory are also, after Erdmann and 
^B^andi ,, Berz^us has, on recalculating his old results, reduced the numl^r for suliihur 

20147 tb;M0.8. 

^e equivalent of iron was lately found 349.86 by MM. Swroberg and' Norlin, and 
tfeir irea<^ oouilfmed by Bemdius, who noVr obtains 350.27 and 380.869 (instead of 
339.21, ^ old eqnivaleat}; ah intermediate number 380 is adopted in the table. 

'The munber for zinc is that of M. AxfH Erdmanu, who took unusual pains i» puiilyiiig 
the nietal : it is 412.63 according to M. Favte, and 414 according to M. Jacqadain; the 
number of Berzelius is 403.23. 

/Cfae.hhmber for’uranihm is that adopteS by M, Feligot; it has been found 746.36 by 
M.'Weitheim, and 742.875 by Ebehnen. 

The numh^ forjgold is that lately deduced by Berzelius from an analysis of the double 
ehloride of gold and potassium (Poggeudorff’s Aniialeu, Ixy. 314); it replaces his former 
nninher 1243.^1. Those of cerium and ruthenium al'c by Hermann (Anuuaire de Chimie, 
1838, p. 180). M. Rammelsherg has adopted for the former metal 874.7, and M. 
Btyinger 577^ the numha of M. Hermann is intenjfbdiatei Ruthenium, the new metal 
firem naBve platinum, u considered by its discoverer. Prof. Hau.s, to be isomorphous with, 
an^ to have the same equivalent as, ihodium, ftom the composition of the double sesqui- 
chloride of ruthenium and potassium, ^ K.1^1 4' Ru^ C^s- 

No data exist for fixing the equivalents of the metallic elements lately discovered, whose 
names appi^ in the table, namefy, didyndum found with lanthanum in eerite^tMosander); 
niobium and pelopiain in the tantalite of Bavaria (H. Rose). 

In the class of siniple substances are placed all those bodies which 
axe not known to be compound, on the principle that whatever can¬ 
not be decomposed or resolved by any process of chemistry into other 
kinds of 'matter, is to be considered as simple. They are the only 
bodies the names of wliich are at present independent of any rule. 
An attempt was, indeed, made on the first introduction of a syste¬ 
matic nomenclature, to make the names of several of them signifi¬ 
cant; blit some confusion in regard to their derivatives was found to 
be the consequence of this, and many of them being familiar sub¬ 
stances, were almost of necessity allowed to retain the names they 
bear in bemimon language: such as, sulphur, tin, silver, and the 
other known in the arts- To newly discovered elements, how¬ 
ler, such names were applied as were suggested'by any striking phy¬ 
sical property they possessed, or remarkable circumstance in their 
histo^. The names of the'newer metals, platinum, potassium, vana¬ 
dium, a cemmbn termination, which serves to distinguish , 

them Another class of elen^ehtary bodies, resembling 

each'^ i^^ in certain p^iculars, is marked in a similar manner; 
namely, %ai composed of (^o^ne,'iodine, bromine, and fluorihe. 
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The jjamea of compound are contrwed to express their 

coinpositioii, and the class to which they belong* and are fbmded on 
a disti^butioii of compounds into three orders, namelyi ^st, com¬ 
pounds of one element with another element j as, for instance, oxy¬ 
gen with anlphixr in snlphuric acidy or oxygen with sodium in 
soda,. whi<dl are Called binary compounds. Secondly, . combina¬ 
tions of bina^ compounds with each other, as of sulphuric acid 
with soda in Glauber's salt, and the salts generally^, whidi are 
termed ternary compounds. And thirdly, combinations of salts 
with one another, or double salts, such as alum, which are quatemaiy 
compounds. • 

1,—-Of the compounds of the first order, the greater number 
known to the original framers of the chemical nomenclatnre con¬ 
tained oxygen as one of their two constituents; and hence an exclu¬ 
sive importance was attached to that element. Its compounds with 
the other elementary-bodies may be divided from their properties into: 
(«) the class of neutral bodies and bases; and (S) the class of acids. 

(ff). To members of the first class the generic term was ap¬ 
plied, the first syllable of oxygen, with a termination {ide) "indica¬ 
tive of combination; to which the name of the other element was 
joined to' express the specific compound. Thus a compound of oxy¬ 
gen and hydrogen is os^de of hydrogen; of oxygen and .potassium, 
oxide of potasman: of which compounds, IJje first, or water, is an 
instance of a neutral oxide; and the second, or potash, of a base 
or alkaline oxide. But the same elementary body often combines 
with oxygen in more than one proportion, forming two or more 
oxides; to distinguish which the Greek prefix {proto, irpSroc, first) is 
applied to the oxide containing the .least proportion of oxygen; deuto 
(^eirepoc, second) to the oxide containing more oxygen than the pro^ 
toxide; and trito {rptrog, third) to the oxide containing still tnore 
oxygen than the deutoxide; which last oxide, if it contains the 
largest proportion of oxygen with which the element can unite to 
form an oxide, is more commonly nsunedthe peroxide; fromjtx?r, tlie 
Latin particle of intensity. Thus, the three compounds of the metal 
man^nese and oxygen are distinguished as follows: 

CoHiposltion. 

Namcii. Manganese. Oxygen. 

Protoxide of mmganeeo . 100 88.01 

Deotoxide of manganese 100 43.86 

■ Peroxide of manganese 100 ‘ 57.82 

As the prefix per implies simply the higliest degree of oxidation^ 

I 
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it m»j ippliied to the second oxide whete there are only two, as in 
the oxides of iron, the s^nd oxide of which is called, indifferently, 
the deutoxide or peroxide of iron. M. Thenard, in his Traite de 
Chimie, avoids the “use of the term deutoxide, and confines the 
application of peroxide to such of these oxides as, like the peroxide 
of mangsmese, do not combine with acids. He applies the names 
sesquio.Tide miA hinoxide to oxides, which are capable of combining 
with acids, and contain respectively, once and a half and twice as 
much oxygen as the protoxides of the same metal. He has thus the 
protoxide, sesquioxide, and peroxide of manganese, the protoxide 
aud sesquioxide of iron, the protccdde and binoxidd of tin, &c. This 
distinction is usefol, and will be adopted in the present work. 
Certain inferior oxides, which do not combine with acids, are 
called suboand&s ; such as the suboxide of lead, which contains less 
oxygen than the oxide distinguished as the protoxide of the same 
metal. 

The compounds of clilorine and several other elements are distin¬ 
guished in the same manner as the oxides. Such elements resemble 
oxygen in several respects, particularly in the manner in which their 
compounds are decomposed by electricity. Clilorine, for example, 
like oxygen, proceeds to the positive pole, and is therefore classed 
with oxygen as an electro-negative substance, in a division of ele¬ 
ments grounded on their electrical relations. Thus, with the otlier 
elementary bodies. 


Oxygen 

forma 

. oxides. 

CMorine 

*t 

. . chlorides, 

Bromine 

tf 

. . bromides. 

Iodine . ’. 

(€ 

. . iodides. 

finorme 

C€ . 

fluorides. 

SnlphliT 


sulphides (or sulphorets). 

Phosphorus . 

ti 

phosphides (or pho8phurets)i 

Carbon 

It 

carbides (or carburets). 

Nitrogen : 

it 

. . nitrides. 

Hydrogen . 

(t 

. , hydrides, ■ 

C^nogen (N Cg) 

it 

lyanides. 

Snlphion (S O^) . 

it 

Bulphionidcs. 


As cyanogen and sulphion, although compound bodies, comport 
themselves in their combinations like electro-negative elements, their 
compounds are named in the same manner as the oxides. 

When several chlorides of the same metal exist, they are distin- 
guisb,ed by the same numerical prefixes as tlie oxides. Thus we 
have the protochloride and the sasquichloride of iron j the protochlo- 
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ride, and the bichloride of tin. ' The compounds of sulphur greatly 
resemble the oxides, but they have; been ^nerally named sulphurets, 
and not sulphides or sulphnrides. Berlins, indeed, applies the 
term sulphuret to such binary compomids of sulphur only as are basic 
or correspond with, basic oxides ;^ while sulpliide is applied by him 
to such as are acid, or correspond with acid oxides. Hence, he has 
the suljyhuret of pata^siumy ^mA. ikvd sulphide of arsenic and sul¬ 
phide of carbon: Compounds of chlorine are distinguished by him 
into chlorurcts and chlorides, on the same principle j thus he speaks 
of the ehloruret of potassium, and of the chloride of phosphorus. 
But these distinctions have not served any important purpose, while 
besides conducing to perspicuity it is an object of some consequence 
in a systematic-^ point of view to allow the termination ide, already 
restricted to electro-negative substances, to apply to all'of them with¬ 
out exception. - 

The combinations of metaUic elements among themselves are dis¬ 
tinguished by the general term alloys, and those of mercury as 
amalyams. 

(6). The binary compounds of oxygen which possess acid properties 
are named on a different principle. Thus the acid compound of tita¬ 
nium and oxygen is (sei^eA titanic acid; of cliromimn and oxygen, 
chromic acid; or the name of the acid is derived from that of the sub¬ 
stance in combination with oxygen, with the termination ic. Where the 
same element was known to form two acid compounds with oxygen, the 
termination ous was applied to that wliich contained the least propor¬ 
tion of oxygen, as in sulphurous and sulphuiic acids. On the dis¬ 
covery of an acid compound of sulphur wliich contained less oxygen 
tliah that already named sulphurous acid, it was called hyposulphu- 
rous acid, (from the Greek hiro, under); and another new compound, 
intermediate between the sulphurous and sulphuric acids, was named 
hyposulphttric acid. On the same principle, an acid containing a 
greater proportion of oxygen than that already named chloric acid 
was named hyperchloric acid, (from the Greek over;) but 

now more generally perchloric acid. The names of the ditferent 
acid compounds of oxygen and sulphur, which hive been referred to 
for illustration, with the relative .prbportioip of oxygen which they 
contain, are as follows: 

Composition. 


Names. 

Sulphur. 

Oxy^n. 

Hyposulphiirous acid 

,100 

60 

Sulphurous aoid . 

100 

. loq 

Hyposulphuric acid 

100 

125 

Sulphuric acid 

lod 

160 



lie 




sj^m i$^^opted fo^ all analbgolis acids* An acid of 
cl4o^*^ '^biitaining inor^xygeri than chloric acid^ is named per¬ 
chloric fujid^ and other similar compounds, which all Contain an uh- 
risnedly large prCporrion are distinguished ih the same 

manner; as periodic acid^ and periflanganic acid. The phrbhioric acid 
is alao sometimes called oxichloric; but this last tcriri does not seem 


so suitable as the first. 

■ Another class of acids exists in which shlphttt is tmited with the 
other element in the place of oxygen. The acids thus fbrmed are called 
suljihur acids. The names of the corresponding oxygen acids are 
sometimes applied to these, with thb prefix snlph, ti& sulpharsenious 
and sulpharsenic acids, which resemble arsenious and arsenic acids 
respectively in composition, but contain sulphur instead of oxygen. 

Lastly, certain substances, such as chlorine, sulphur and cyanogen, 
form acids with hydrogen, wliich are called hydrogen acids, or 
hi/dracids. In these acid compounds the names of both constitu¬ 
ents appear, as in the terms hydrochloric acid, hydros a Iphurir. arid, 
aiid hydrocyanic acid. Thenard has proposed to alter these names 
to chlorhydric, sttljihohydric, and cyanhydric acids,yf\iich. in some 
respects are preferable terms. 

2.—Compounds of the second order, or salts, are named accord¬ 
ing to the acid they contain, the termination ic of the acid being 
changed into ate, and ous into Thus a salt of sulphuric acid is 
a sulphate; of sulphurous acid, a sulphite; of hyposuljphurous 
acid, ^ 'hyposulphite; of hyposulpliuric acid, a hyposiilphatc; aud of 
perchloric acid, a perchlorate; and the name of the oxide indicates 
the species—as sulphate of oxide of silver, or sulphate of silver; for 
the oxide of the metal being,always understood, it is unnecessary 
to express itj unless when more than one oxide of the same 
metal combines with acids, as sulphate of protoxide of iron, and 
snlphaie of sei^juioxide of iron. These salts are often called proto¬ 
sulphate and persulphate of iron, where the prefixes proto aud per 
refer to the degree^pf o:^dation of the iron. Tlie two oxides of iron 
are ferrous oxide, and ferric oxide by Berzelius, and the 

salts referred to, the ferrous sulphate, and the ferric sulphate. Tlie 
names stannous sulphdte and stannic sulpliate express in the same 
way the sulphate of the protoxide A)f tin, and the sulphate of the 
peroxide of tin. “But such names, although truly systematic, and 
replac^g very cumbrous expressions, involve too great a change in 
^chemi^ nomcnclatui^ to he speedily adopted. Having found its 
"way mto cpmmon langua^ chemical homcpclainre can no longer be 
idtbij| ^i |aterially without gi^t ihcbnvriuciiPe. It mi|et he learned 



as a langaagCj and not :£^d; impression of a 

syltein. A ^?/jf;i?/’-sulpiiate contains a greater proportion of ai^d than 
the sulphate or uentral siilphatei a; ^i‘-aulphate tmce as znuch^ and a 
stJ^^-wi-sulphate once and ii Iialf as inuoHi m the. neutral ^phate; 
while a, 4 »«^-sulphate qpnteins a less proporiioii than t^e AcntM^Jsalt; 
the jMfcfixes,referring in all cases to the,proportion of,acid in the 
salt, or to €l(ictr&-ne(f<itive ingredient, m with oxides.. , 3?he 
excess of base ih sub-spits is sometimes indicated by <^eek prefixes 
expressive of quantity]; as (^/-chrpjnate of lead, </i.v-acetate of leadi 
but this deviation is apt. to lead to cpnfiision. If a precise 
sion for such subsalts were required, it would be belter tp say;,.the 
bibasic subchromate of. lead, the tribasic subacetate of Lead* But the 
names of both acid and basic salts arc less in accordance with correct 
views of their constitution, than the names of any other class of com¬ 
pounds. 

Combinations of water with other oxides are called hydrates : as 
hydrate of potash, hydrate of boracic acid. 

3.^—In tbejuames of quarternary compounds or of double salts, 
the names of the constituent salts are expressed, thus:— Suljahateof 
alumina and jjvtdsh is the compound of sulphate of alumina Bnd 
sulphate of potash j the name of the acidd)eiiig expressed only once, 
as it is the same in both of the constituent salts. The name alum, 
which has been assigned by common usage to the same double salt, 
isdikewise received in scientific langiiage. The chloride of platinum 
and potssium expresses, in the same way, a compound of chloride of 
platinum with chloride of potassium. An oxichloride, such as the 
oxichloride of mercury, is a compound of the oxide with the chloride 
of the same metal. 

** . . * 

Tlie first ideas of a chemical nomenclature are due to Gnytou de 
Morvmii, whose views were published in 1782.; but the chief merit 
of the construction of the valuable system in use is justly assigned to 
Ijavoisicr, who reported to the French Academy ou the subject, in the 
name of a committee, in 1787. It has not been materially modified 
or expanded sijice its first publication. The present, o? Lavoisierian 
nomenclature," does not furnish precise expressions fo? many new 
classes of epm^munds, the existence of which was not contcmf»lati^ by 
its inventors, and many of its names express theoretical views of the 
constitution of bodies w^bich are doubtful, and not adnutted by all 
chemists. Sut its deficiencies are supplied, and the composition of 
bodies more accurately represented, in certain Mujtteh expressions, or 
chemical formtila^ which are also emj^loyed tef‘denote particular sub- 
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'and w^ch fo^ k vaiitoWk supplemqnt to the labmenclatUTe 
ataU ^neraUy used. Thesq formnlee are constriicted on the simplfest 
piinciples/ jEind Be^des suppling the deficiendea of the nomencla¬ 
ture, they 9t onoe^exhilat to the eye the composition of bodies, and 
ftffnrd a mechanical aid^in observing felations in composition, of the 
isaane kind as the use of figures in the comparison of arithmetical sums. 

^ Sf/tubols bf the'elements ,elementary substahce is repre¬ 
sented by the initial letter of its Latin ntune, will be seen , by 
reference to the table of elementary substances, page 108; but when 
the names of two or more dements begin with the s^ame letter, a 
second in a smaller character is added for distindion; thus oxygen 
is represented by the letter O, the metal osmium by Os, fluorine by F, 
and iron (ferrum) by Fe; small lettere, it is to be observed, never being 
significant of themselves, but employed only in connexion with the large 
letters as distinctive adjuncts. These symbols represent, at the same 
time, certain rdative quantities of the dements> the letter O express¬ 
ing not oxygen indefinitely, but 100 parts by weight of oxygen, and 
Fe 350 parts by weight of iron, or any other quantities of these two 
substances which are in the proportion of these numbers: 8 parts 
of oxygen, for instance, and 28 of - iron. It will immediatdy be 
explained tliat the elemdhtary bodies combine with each' other in 
certain proportional quantities only, which are expressed by one or other 
indifferently of the two series of numbers placed against the luunes 
of the dements in the table referred to. These quantities are c 6 n- 
veniently spoken of as the combining proportions, the equivalent 
quantities, or the equivalents of the elements. The symbol, or letter, 
of itself representing one equivalent of the element, several equivalents 
are represented by repeating the symbol, or by placing figures before 

jf thus Fe Fe, or 2 .Fe, and 3 O, mean two equivalents of iron and 
three tff oxygen. Or small figures are placed either above or below 
the symbol, and to the right; thus Fe®, and O^, or Fca O 3 , are of 
the same value as the former expressions, but are used only when 
symbols are placed together in the formulae of compounds. Two, 
equivalents of an element are sometimes expre^ed by placing a dash 
through, or . under its symbol, but such abbreviations will not be 
made use of in the present work. 

FoTMul^’^of compounds,?>-’-^Yi:i<^ collocation of symbols expr^ses 
combination; thus Fe O represents'a compound of one equivalent or 
propOTtion of iron, and one, pf oxygen, brt^ protopde of iron; SO 4 , 
a compound of one equivaljmt of sulphur, and three of oxygen—that 
is, one eqtqValent of sulphuric acid; and sulphate of iron itself, con- 
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wstiiig of one equivalent of each of the preceding eompou^^ds, may be 
represented as follows: - . ' , 

Ee O S O 3 , or. 

V ; roO + SOg, dr ^ 

• :Vf. . Feb,.-; 8 O3, / 

The sign plus ( + ) or the comma, being introduced in the second 
and third formidse, to hidicate a distribution of the elements of the 
salt into its two proxiinate constituents, oxide of iron, and sulphuric 
acid, which is not; so distinctly indicated in the first formula. It may 
often be advantageous to make use of both , the comma and the plus 
sign in the same formula, and then it would be a beneficial practice 
to use them as in the following formula for the double sulphate of 
irph and potash: . ^ 

in which the comma is employed to indicate combination more 
intimate in degree, or of a higher order than the plus sign, namely, 
of the oxide with the acid in each salt, w^hile the combination of the 
two salts themselves is expressed by the sign +. 

The small figures in the preceding formulm affect only the symbol 
or letter to which they are immediately attached. Larger figures 
placed befotc and in the same line with .the symbols apply to the 
compottnd expressed by the symbols. Thus 3 8 O 3 , means three 
equivalents of sulphuric acid j & Pb O, two equivalents of oxidd of 
lead. But the interposition 'of the comma or plus sign prevents the 
infl.uence of the figure extending farther, thus 

2 Pb O, Cr O 3 , or 
2 Pb O + Cr O 3 , 

is two proportions of oxide of lead, and one of chromic acid, or the 
sub-chromate of lead. To make the figure apply to symbols which 
are separated by the comma or plus sign, it is necessary to enclose all 
that is to be^affected within brackets, and place the figure before 
them. Thus, 

; a .(PbO, CrOa), 

m^ns two proportions of neutral cliromatc of lead. Tlie following 
formuim. of two double salts with their water of crystallization, exhibit 
the application of these rules ;— 

. Iron-alum, or the sulphate of peroxide of iron and potash l 
KO, SOg-f-Fea O 3 , 3S03-f24 HO 
Oxalate of peroxide of iron and potash: 

3 (K O, C .3 O 3 ) -l-Fe,, O 3 , 3 Cjs Oa-l -6 HO. 
it will be found to conduce to perspicuity, to avoid either connecting 
two fpnhulae of diffCTeilt substances not in combihaUon, by the sign 
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^aSa^itlg ' to be si^arated merely bj a (^nrnia^ as the 

of formidcB' are conrentioiially 
to' luiffltb the fo into one,: attd to express com- 
b^ation ; 'and indeed it fe advisable to write ev^ complete formula 
• djpaH;,' and ha a line by itself'if possible.- s' / 4? '' 

: The c»ily other ciroumstauce to be attended^to in the construction 
of such formidee is the arrangement of the j^mbols or letters, which 
is not arbitrary. In naming a binary compound-: sudi as oiude^ of 
iron; diloride of potassium, &c., we announce j^t Uie oxygen or 
element most resembling it m compound j; that i 8 ,> the electro¬ 
negative ingredient \ but in the formulee of the same bodies^ it is the 
other or the deotro-positive element wliich is placed first, as in Fe O, 
aiul K Cl. In the formulae of salte, it is likewise the basic oxide or 
electro-positive constituent which is placed firsts and not the acid. 
Thus the sulpliate of potash is K O, S O 3 , and not S O 3 , K 0. 
Information, respecting the constitution of a compound may often be 
expressed in its formula, by attending to this rule- Thus sulphuric 
jwjid of specific gravity 1.780, contains two proportions of water to 
one of acid, but by giving to it the following formula:' 

HO, SOg-t-HO, 

we express that one proportion only of water is combined as a base 
with the acid, and that the second proportion of water, the formula 
of which follows that of the acid, is in combination with tliis sulphate 
of water. * 

The above system of notation is complete, and sufficiently con¬ 
venient for representing nU binary compounds, and compounds 
bdonging to the organic department of the science, inihe formula^ 
of which the ultimate elements only are expressed. But when 
salhr and double salts are expressed, the formulse sometimes become 
inconveniently long. They may often be greatiy abbreviated, and 
msde more distinct, by expressing each equivalent of oxygen in an 
pxi 4 ^.qr i^d, by a point placed over the symbol of the o^er element, 
thus: ■ , 

Protoxide of iron, Fe. 

Sulphuric acid, S. 

CiystaUized'sulphate bf protoxide of iron, Fe S, H-f 6 H. 

Alum, + 

Fdspar, K 1 ^, ^ 

:e of peroxide of iron and potash, 3K CC+Fe Fe» 3CC-1-6H.’ 
‘ormdijfe are more com^ct, smd more eadly cbbapai^ with each 




other* the relation between the jmmeral felspar and. ilum without 
its water of crystallization, being ,$een at a,glance on thus placing 
thdr formula together; -tUe ohe^haVitig the 6 ymVl foir^siliciom, the 
other that for sulphur, but ^everything dse repiaining the same. This 
abbreviated j51an also eachibits ^^more distinctly the relation , between 
the eqtiivalenta:o£ oxygen.in the different oon^ituonts of a salt, which 

is bIm^s iiB|kH^ant. V ^ ^ V » ^ ^ 

It is ta.?bei .Qbs,eirr]i^, ; tliat th 0 '?oxygeti. expressed by ^ points 
placed over ndctier » brought under the influence of the small figure 

attached to tlri^' letter : as, for CxamplO, S 3 in the preceding formula 
of altim, mekns three equivalents of shlphuric acid j so that this sign 

has the same .value as if it were w^tten 3 S. 

Equivalents of sulphur are likewise sometimes expressed by 
commas placed oydT other symbols, as the tritoisulphuride of arsenic 

by As; but such compounds are not of constant occurrence like the 
oades, and do not create the same necessity for a new and arbitrary 
symbol. A compound body, such as cyanogen, which combines with 
a numerous series of other bodies, is often for brevity expressed by 
the initial letter or letters of its name, as— ’* 

Cyanogen . Cy, 

Ethyl . E; 

and the organic acids are sometimes expressed by a letter in the same 
way, but with the minus sign (—) placed over it: thus— 

Acetic acid, by A, 

Tartaric acid, by T. 

But arbitrary characters of this kind will always be explained on the 
occasion of their introduction. 

SECTION II.-COMBINING PROPORTIONS. 

All analyses prove that the , composition of bodies is fixed and 
mvi^ablq; 100 pmts of water are uniformly composed of 11.1 parts 
by weight of hydrogen, and 88.9 pixrts of oxygen, its constituents 
never varying either in nature or proportion. This and other sub¬ 
stances may exist in an impure condition^ from an admixture of 
foreign matter, but their own composition remains the same in all 
circuin# 8 iic 0 ^ „ It. is this constancy in the composition of bodies 
which gives to chemicsd analyses all their value, and rewards the ^ast 
care necessarfly bestonad upon their execution. ** 

An examination of the composition of a class,of bodies, such as the 
oxides, coiitaihingto element in common, shows that any one element 
unites with very di^erent quantities of the pJlihiBT ^emen^s. Thus in 
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00^. 'oxides of which the eompositiorL is given below, tSe pxy- 

gcp and bth^ constituents appear in a different relation to each other: 


Composition of Oxides. „ 


Water. 




M 

Oxide 6f Silver. 

Oxygen . 88.9 
Hydrogen 11.1 

Oxygen. 20.2 
Copper . 79.8 

Oxygen 19.1 
Zinc . 80.9 

Ongen 7.2 
Lead 92.8 

Oxygen . 6.9 
Silver . 93.1 

100 

100 

100 

100 

o 

o 


But the relation between the oxygen and the other constituent in 
these oxide? win be seen more distinctly by stating their composition 
in such a way as! to have the oxygen expressed by the same number 
in every case, or made equal to 100 parts. Thus: 


Composition of Oxides. 


WatCT. 

Oxide of Copper. 

Oxide of Zinc. 

Oxide of Lend. 

Oxide of SiKer. 

Oxygen 100 

Oxygen . 100 

Oxygen 100 

Oxygen 100 

Oxygen . 100 

Hy^gen. 12.5 

Copper . 396 

Zinc . 406 

Lend .'1204 

Silver . 1350 

112.6 

496 

* 506 

1394 

1450 

'« *! 


From wliich it follows, that— 


12.5 

parts 

of 

hydrogen. 

396 

parts 

of 

copper. 

406 

parts 

of 

zinc. 

1294 

parts 

of 

lead. 

1350 

parts 

of 

silver. 


combine w'tVA lOO parts of oxygen. 

These numbers prove to be in, some degree characteristic of the 
substances to which they are here attached, for when the composition 
cA sulphides of the same substances is examined, it is found 
that exactly corresponding quantities of hydrogen,' copper, &c. like¬ 
wise combine with one and the same quantity of sulphur, although 
not vtith 100 parts of that element as of oxygen. The conclusion 
from an examination of the erulphides is, that-— 

12.5 parts of hydrogen, 

; 806 parts of copper, 

406 ; pffftiKjf 
1^94 parts of lead, * . 

1850 ;.pa^ ^ tilver, 

combine with ZOO parts of sulphur. ' 
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An examination of the chlorides of- the. same fif< 1 ; elem^t^ likewbe. 
pioves, that— 4 . 

l-2.5/part8 of hy^gen, 

396 parts of copper, 

, ,4!06 "parts of zinc, . " \ , ; 

1294 parts of lead,’* = . .* 

1350 parts of silver, ' 

combine with parts of chlorine. 

■ * Hydrogen, c6pper, &c. a^e indeed found to unite in the propor¬ 
tions repeated above, with a certain or constant quantity of all other 
elements; as, for example, with 978 with 1580 iodine, &c. 

On extending the inquiry to other substances, it appears that for 
each of them a number may be found which expresses in Kke manner 
the proportion in which that substance unites* with 100 parts of 
oxygen, 200 of sulphur, 443.73 of chlorine, &c. These numbers con¬ 
stitute the combining proportions, or equivalent quantities of bodies, 
which are introduced in the table of the names of the elements at the 
beginning of this chapter, and which are the quantities understood to 
be expressed by the chemical symbols of these bodies. 

Any series of numbers may be chosen for the combining propor¬ 
tions, provided the true relation between them is preserved, as in the 
first series of numbers given in the same table, which are all 12|- 
times less than the numbers of the second series. Hydrogen is 
reduced from 12.5 to 1, oxygen from 100 to 8, sulphur from 200 to 
16 : altered in the same proportion, copper becomes 31.66, zinc 32.52, 
lead 103.56, and silver 108. This series, or the hydrogen scale, 
is recommended by the circumstance that its numbers are smaller Md 
more easily recollected than those of the other, or oxygen scale. The 
equivalents of several of the most important elements are now also 
generally allowed to be exact midtiples of the equivalent of hydro-' 
gen, so that the equivalent of the latter element being 1, the equiva¬ 
lents of th^ former are accurately expressed by entire numbers j— 
carbon by 6, oxygen by 8, nitrogen by 14, sulphur by 16, and iron 

by 28. ■ * 

Having reference to the oxygen aerie?, it is said, in general terms, 
that the combining proportion of a simple substance represents the 
quantity of that substance which combines with 100 parts of oxygeudtp 
form a protoxide. On the hydrogen scale, which I shall adopt^ the 
definition ola*chemical equivalent, or cbmbining proportion becomes 
as follows;— The contbinin^ proportion of % simple substance 
represents the quantity of that substance-which unites with % 

parts of o^yyen tif form a p^toc^ide. 
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6oinbthing .prbpprt|ou,s pnly, or iii nqiT^jliples of them, ancl in 
nb iateEmcdiatc proportions/* This, law may he? iUustiated by the 
compounds of and oxygen, which aie fivo-ih n^^^cr, and . 

nre .composed as folI<#s f ^ ^ 

Protoxide of nitrog^i . nitrogen, 14, oxygen 8. 

, Deutoxide of nitrogen . nitrogen .14, oxygen 16. * 

Nitrons acid * • nitrogen 14,. oxygen 24. 

\ Peroxide of nitrogen. . nitrogen 14, oxygen ^2. 

' Nitric acid .. . . . nitrogen 14, oxygen 40.. 

The first compound consists of a single combining proportion of each 
of its constituents. But in the other compounds, a Single proportion 
of nitrogen is united with quantities of oxygen which correspond 
exactly witli two, three, four, and five combining proportions of that 
element. In the greater number of binary compounds one of the 
constituents at least is present in the proportion of a single equiva¬ 
lent, like the nitrogen in this series, while the other eonstitueut, 
generally the oxygen, in oxides, and the electro-negative element in 
other compounds, is present in a multiple of its combining proper - 
tiqn. But the number of equivalents which may enter into a com¬ 
pound is subject to considerable variation, as will appear from the 
following examples. 


One eq. of oxygen 

+ 

One eq. 

Two 

t9 

oxygen 

+ 

One 

One 

»» 

oxygen 

+ 

Two 

One 

19 

sulphur 

+ 

Three 

Two 

99 

sulphur 

+ 

Two 

^0 

. 19 

iron 

+ 

Three 

Two 

39 

sulphur 

+ 

Kve 

Two 

*» 

manganese 

+ 

Seven , 


of hydrogen, forms water. 

hydrogen, form peroxide of hydrogen, 
copper, forma subozide of copper, 

oxygen, „ sulphuric acid, 
oxygen, form hyposulphuroua acid. 

, oxygen „ peroxide of iron. 

, oxygen „ hyposolphuric acid, 

oxygen hypcrtnanganic acid. 


Bepresentiug the constituents of a binary compound by A and B, 
the last being the oxygen or electro-negative constituent, the most 
frequent combinations are A + B, A -f 2B, A + SB, and A + 5B. The 
combination of 2A-J-8B, is not unfrequent, but 2A-fB, A -f4B, 
A-|rtB, 2A+2B, or 2A4'5B, are of comparatively rare occurrence. 
Combination between two elements is not known to occur in more 
complicated ratios than the preceding, if thb compounds of carbon 
and hydrogen be excepted, which are numerous,' and exhibit great 
diversity of com|K)siti 0 ii, like the Coin Jmuuds bf organic chemistry 
'^f^erally, to which properly belong. 

^ '"Cbmbinatipu likewise takes place athong bodies which are them- 
Ives t^tbpound, in proportional' qj^ntities, which are fixed and 






^ - determined by the law> that the e'ombihing humt>^ df^ cdmjpouhd 
body is always the shlii of the dpjqaibbung numbers of consti¬ 
tuents,”; Thus oil of vitriol, which coij[tains water and siuphutic 
■ acid, is composed of these bodies in the preportion of—. 

Water , . , 9 


Sulphuric acid . . 40 

in which the combining proportion of the water (9) is the sum of the 
equivalents of its constituents; namely, of oxygen 8 , and of hydro¬ 
gen 1 j that of erdphuric acid (40), of those of ^Iphur 16, and 
of oxygen^24 ; there being three proportions of oxygen i^, sulphuric 
acid. The combining poroportion of oxide of zinc is 40.52, the sum 
of oxygen 8,.and rine 32.52; and the compound of this oxide with 
sulphuric acid, or the salt, sulphate of zinc, consists of— 


Oxide of zinc , 40.52 

Sulphuric acid . 40. 


80.52 

Of potasli, the combining proportion is 47 ; or oxygen 8 , added 
to potassium 39; and to this proportion of potash the usual j)ro- 
portioii of suiphurin acid is attached in the sulphate of potash, which 
is composed of— 

Potash . .47 

Sulphuric acid . 40 


87 ■ 

Of these salts themselves, the combining propdrtions ought to be the 
sums obtained by the addition of the numbers of their constituents; 
and accordingly the double sulphate of zinc and potash consists of— 

Sulphate of zinc . . 80.52 
Sulphate of potash 87 ' . 

‘ 167.52 

Of nitric acid the constituents are one eq. of nitrogen 14, and five of 
oxygen 40, malting together 54, which is the combining propprtion 
,of that acid, and is found to unite M'ith 9 water, mth 40.52 oride of 
zinc, and with 47 potash; or with the same quantities of these 
oxides as combine with 40 sulphuric acid. Carbonic acid is com¬ 
posed of one ■pmpoitibn of carbon 6 , and two proportions of oxygen 
16, so that its combining niimber is 22 .; in which propoy^on it 
unites with 47 potash, to form carbonate of potash. The .j^^ 
lent quantities of all other acid^ and bases correspond iir like manner 
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numbers ideducible from their composition* Indeed, the law 
iasifonnd^to bold in compounds of every cSlfa and character, and 

thejr contain few w inany equivalents, of their elements. 

Compound bodies likewise unite among themselves in multiples of 
-their combining propmrtions, as well as in single equivalents. Thus 
47 . potash combine with 52.15 chromic acid, and with double that 
quantity, or 104.30, chromic acid, to form the yellow and red chro¬ 
mates of potash; the first containing one equivalent; and the second 
two equivalents of add. The occurrence of multiple proportions 
was w’ell iDustrated by Dr. Wollaston in the carbonate and bicarbo¬ 
nate of potash. A quantity of the latter salt being divided into equal 
parts, one half was exposed to a red heat, by the ejfifect of wliich the 
salt lost some carbonic acid and became neutral carbonate; and both 
portions being afterwards decomposed by an acid, the salt in its 
original condition was found to afford a measure of carbonic acid gas 
exactly double of that yielded by the portion exposed to the high 
temperature. By experiments equally sinfple and convincing, he 
proved that in the three salts formed by oxalic acid and potash, the 
quantities of acid which combine with the same quantity of alkali are 
rigorously among themselves as the numbers 1, 2, and 4. The com¬ 
position of all other super- and sub-salts is found to be in conformity 
witli the same law, one of the constituents being always present in 
the proportion of two or more equivalents. 

The combining* proportions of compound bodies depend entirely, 
therefore, upon those of their constituents, or upon the equivalcmts of 
the elementary bodies* The mode of determining these fundamental 
equivalents generally consists, as may be anticipated, in ascertaining 
the quantity of any element wliich exists united irith 8 parts of 
oxygen in the protoxide of that element, which quantity is viewed as 
a smgle equivalent. Thus, of hydrogen and lead, the protoxides are 
water and litharge, in which respectively 8 oxygen are associated 
with 1 hydrogen and 103.56 lead, which numbers are therefore single 
equivalents of these elementary substances. But the difficidty still 
remains to know what is a protoxide; for the rule is not followed in 
all cases to consider that oxide of an element as the protoxide which 
contains the least proportion of oxygen. When only one oxide is 
known, it is presumed to be a protoxide, and composed of single 
equivalents, unless it corresponds in properties :with a higher degree 
of oxidation of some otb^ element; and of several oxides of the same 
element, that contmmng least oxygen is viewed as the protoxide, unless 
a higher oxide has better claims to be consider^ as such. Hence 
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magnesia and oxide of ziqc being the only oxides of magnesimn and 
Sfiinc known, are grotjJlHes;. and water> litharge^ potash, soda, lime, 
and protoxide of iron, which are ail the^ lowest oxides of different 
metals, are admitted without objection to .be protoxides, and become 
standards of comparison for this class of bodies ; while alumina, the 
only oxide of aluminum, differing entirely from the protoxide of iron, 
but closely resembling the peroxide of .that metal, is considered a 
peroxide of similar constitution, or to contain three equivalents of 
oxygen and two of metal. Now in alumina 24 oxygen, or three 
equivalents, are united with 27.38 aluminum, one half of which 
number, or 13.69, is therefore the equivalent of aluminum. The 
true protoxide of aluminum, if it is capable of existing, still remains 
to be discovered. The green oxide of chromium, which was till 
lately the lowest degree of oxidation known of that metal, was not¬ 
withstanding considered a peroxide, being analogous to alumina and 
the peroxide of iron. On the other hand, the second degree of oxida¬ 
tion of copper, or the bhick oxide, and not the first degree of oxida¬ 
tion of that metal, must be viewed as the protoxide, or as composed of 
single equivalents, from its correspondence w'ith the protoxide of iron 
and a large class of admitted protoxides. The lower degree of oxida¬ 
tion of copper or the red oxide, which contains only lialf the propor¬ 
tion of oxygen in the black oxide, comes therefore to be considered* 
a suboxide; a compound of two equivalents of metal and ono of 
oxygen. , Eor reasons somewhat similar, the higher of the two grades 
of oxidation of mercury, or the red oxide of that metal, is now gene¬ 
rally received as the protoxide, and the ash-coloured oxide reputed a 
suboxide. These suboxides of mercury and copper are capable of 
combining with acids, but they are the only suboxides which possess 
that property. It is the character of metallic protoxides to form 
salte with acids ; and of several oxides of the same metal, the pro¬ 
toxide is always the most powerful base. 

Bodies likewise replace each other in combination, in equivalent 
quantities. Thus in the decomposition of water by chlorine, wliich 
occurs in certain circumstances, 35.5 parts of chlorine unite with 
1 hydrogen or one equivalent of that body, to form hydrocliloric 
acid, and displace at the same time and hberate 8 parts of oxygen. 
Hence the number 35.5 represents the combining proportion of 
chlorine, which iia equivalent in combination to, or can be substituted 
for, 8 oxygen. Again, in decomposing hydriodic acid, 35.5 bhlorine 
unite with 1 hydrogen, and liberate 126.36 iodine, which propor¬ 
tion of iodine tnay again acquire' 1 hydrogen, by decomposing 
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vl^pht^tbed liydrogen;, and set free 16 sulphur. - Hence 1X6.86 and 

quantities of iodii^lllN^nd sulx^hiir,^, w 
. tflkcllie piaefe cif 35*6 chlorine or 8 oxygen in combination with 
I hydfogen.‘ ^ 

* When 3X.52 grains of zinc are introduced into a solution of nitrate 
ofepppe^ they dissolve, acquiring 8 oxygen and 54 nitric add, and 
become nitrate of zinc, while 31.66 parts of metallic copper are 
deposited, wliich had previously been in the state of nitrate> and in 
Combination with the above-mentioned quantities of oxygen Wd 
nitric acid, and the solution remains otherwise hnaltered. Zinc 
throws down nearly all the metals from their solutions in adds in the 
same manner, and if the quantity of this substance introduced into 
the solutions, and dissolved, be a combining proportion, us in the 
instance given, the quantities of the metals precipitated will also be 
combining proportions of those metals. The quantity of zinc 
employed may be varied, but the quantity of other metal precipitated 
will still be, to the quantity of zinc dissolured, in the ratio of the 
combining numbers of the two metals. Lead, copper, tin, or any 
other metal, when it acts like zinc as a precipitant, likewise throws 
down equivalent quantities of other metals, and takes their place in 
the pre-existing compound. - This substitution of one metal for 
another, in a saline compound, without any change in the character 
of the compound, shows Jhow justly the combining proportions of 
bodies are termed their equivalent quantities or equivalents. The 
metal displaced, and that substituted for it, have evidently the same 
value in the construction of the compound, and are truly equivalent 
to each other. 

The equivalent proportions of such oxides as are bases are ascer¬ 
tained by finding what quantity of each saturates the known com¬ 
bining proportion of an acid. Thus, to saturate 40 parts, or a 
combining propoition of suljjhuric acid, the following proportions of 
different bases are requisite, and are equivalent in producing that 
-^ect: 


Magnesia 

. 20.67 

Lime . 

. 28 

Soda 

. 31 

Protoxide of manganese . 

. 85.67 

Pert^h . 

. 47 

Sttontiah. . 

. ‘ 51.84 

Baryta . ; . 

* 76.64 

Protoxide of fead . - . 

, 111.66 

Oxide of silver 

. 116 
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The addition of these, bodies to sulphitric acid ,the ,%b<>ve. pyo- 
pf»rtioDB destroys its4(|on3c,.taste attd oth^ properties 'as jn^ acid, of 
which one of the most icharacteristio is that of ^reddening certain 
vegetable blue colours, such as litmus. The acid is ,asdd, to, be 
neutralized or saturated, and the product or compoimd is a 

neutral salt, which does not alter the blue colour of litmus. Of the 
bases mentioUed, jnagnesia has the greatest saturating powjeav and 
oxide of silver the least ; the proportion of these bases neeess^ to 
saliirate the same quantity of sulphuric acid being 20.67; of the 
former, and 115.92 of the latter. 

Conversely; the equivalent proportions of acids are the quantities 
which neutralize the kuown equivalent of any base or alkali. Thus 
47.12 parts of potash, or a combining proportion, is deprived of its 
alkaline properties,—of which the most obvious are its caustic taste 
and power to restore the blue colour of reddened litmus,—^by the 
following proportions of different acids, and a neutral compound or 
salt produced in every case:— 


Sulphurous add 

32 

Sulphuric acid 

. . 40 . 

Hydrocldoric acid . 

. 36.5 

Nitric acid . 

54 

Chloric acid 

. 76.5 

Hyperchloric acid . - 

.. 92.5 

Iodic acid 

. 166.36 

Hyperiodic acid 

. 182.36 


It thus appears that the acids differ as widely among themselves 
in their equivalent quantities as the bases do. The equivalent 
of either an acid or base thus deduced fipom its naturalizing power 
is always the same as that indicated by its composition, namely tlie 
sum of the eq^uivalent numbers of its constituents. As the bases 
which saturate acids fully are all protoxides, it also necessarily 
follows that 100 parts of oxygen are always contained in the propor¬ 
tion of base which neutralizes tlie equivalent of an acid. 

The equivalents of both acids and bases aijfiit likewise observed in 
those decompositions in which one acid is substituted for another 
acid in combination, or one base for another base. Thus an equiva¬ 
lent of sulphuric acid is foxmd to disengage the equivalent quantity 
exactly of sulphurous acid from the sulphite of soda, of nitnc acid 
from the nitrate of potash, or of hydrochloric acid from the chloride of 
sodium, and to replace it m combination with the base, forming in 
every case a neutral sulphate. An equivalent of potash separates in^ 

K 
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lilc^niaiuiiBr^aii equiyaleiit of inagtiesift, of lirae^ of barytes^ or of pro- 
liead^ from its combination with an acid. Tlie proportion j)f 
..j^cidror base necessary to produce a certain amount of decomposi- 
ti<m may thca'efpre be calculated from a knowledge of the equivalents 
'of bodies; and such knowledge conies to be of the most frequent and 
valuable application |br practical purposes. 

But the substitution of equivalent quantities of different bodies for 
one another is most strikingly exhibited in the decompositions w^hich 
follow the mixture of certain neutral salts. An equivalent of siilplfate 
of magnesia being mixed with ap equivalent of nitmte of barytes^the two 
bases exchange acids, the original salts disappear completely, and two 
new salts are produced—^the sulphate of barytes, which is insoluble and 
precipitates, and the nitrate of magnesia, wliich remains in solution; 
as represented in the following diagram, in which the equivalent 
quantities are expressed ;— 

Before decomposition. After decomposition. 

60.67 sulphate f 80.67 magnesia . ...____,74.67 nitrate of 

of magnesia t. 40 sulphiu'ic acid . . im^iesin. 

130.64 nitrate r64 nitric acid . 

ofbai^des (70.64 . . . _ 116.64 sidphntc 

of borjtes. 

After a double decomposition of this kind, the liquid remains 
neutral, or there is no redundancy of cither acid or base; because 
^ch of the new salts is composed of a single equivalent of acid and 
of base, like the salts from wliich they are fbnned. If one of tlic 
salts be added in a larger proportion than its equivalent quantity, the 
excess docs not interfere with the decomposition, and remains 
itself unaflected, the decomposition proceeding no farther than the 
equivalents present. Ilencc the general observation, that neutral 
salts continue neutral after deconi])ositiou, in whatever proportions 
they may^ be mixed. 

But the modes of fixing the equivalent numbers wliicli have been 
stated are inapplicable to several elementary bodies; such as nitrogen, 
phosphonis, carbon, boron, ‘and some metals of wliich the protox¬ 
ides are not bases, ai# are uncertain. Nitrogen enters into iiitric 
acid, of which acid it is known that the equivalent, is 54, and 
that it contains five equivalents or 40 parts of oxygon, and conse¬ 
quently 14 pai;|B of nitrogen. It is doubtful, however, whether 14 
represents one or two equivalents of nitrogen. But the equivalent of 
ammonia likewise contahis 14 nitrogen, and a less proportion is never 
found in the equivalent of any other compound into which that 
elen^nt enters. The number 14 is, therefore, the least comhininff 
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propofttion df nitrog^Hi and must- on account be taken as one 
equivalent. The equivaleat of: phosphoms can ^showh- on the 
same principle to be S^i^at of aif)Bemcf 5, aud ihat of antimony 129, 
as given in the tables, and not the halves of these niUnbets^ as often 
estimated. These three bodies agree with, nitrogen in their chemical 
relations, and the numbers recommended represent the quantities 
which replace 14 nitrogen in analogous compounds. The equivalent 
of carbon may be deduced frotn the known equivalent of its com¬ 
pound, carbonic acid: but the equivalents of boron and silieum 
cannot be- fixed upon with the same certainty, owing to the doubt 
which hangs over the equivalents of boracic and silicic acids. 

Of the facts which involve the principle of combination in definite 
and equivalent'^proportions, the last mentioned appears to have been 
the first observed and explained. Wenzel, of Freiberg in Saxony, 
.so far back as 1777, made an analysis of a great variety of salts with 
surprising accuracy, which enabled him to perceive that the neutrality 
which is observed after the reciprocal decomposition of neutral salts 
depends upon this,—^that the quantities of different acids which satu¬ 
rate an equal weight of one base will also saturate equal weights of 
any other base. 

Richter of Berlin confirmed and extended the observations of 
Wenzel, attaching proportional numbers to the acids and bases, and 
remarking for the first time that the neutrality does not change 
during the precipitation of metals by cacli otlicr, and also that the 
proportion of oxygen in the equivalents of bases is the same ui all, 
and may be represented by 100 parts. But the first foundations of 
a complete system of equivalents, embracing both simple bodies and 
their compounds, were laid by Dalton, at tlie same time that he 
announced his atomic theory.* „Tlie observation that the equivalent 
of a compound body is the sum of the equivalents of its constituents, 
and the discovery of combination in multiple proportions, are 
peculiarly his. Dr. AVollaston afterwards adapted the more impoiv 
taut equivalonts to the common sliding rule of Gunter, by means of 
which, proportions can be observed without tlie»trbuhle of calculation. 
This instrument, which is known under the name of the scale of 
chemical equivulentSf contributed largely to the diffusion of the 
knowledge pf^ the proportional numbers, but is not jtself of much , 
practical value. . ^ .i . 

The numerical accuracy of the equivalents assigned to bodies 
depends entirely upon the exactness of the chemical antd^Tses from 
* New System of Clicmical Wiilosophy, 1807. ' 
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The gcnerftUy received s^ of numbers, 
wldcb is adopted in tl|is dra\vn ,up from data 

aupj^ed in a great m^ure by himself. The consideration of the laws 
and i^chter, which,were long oyerlook^edorinisunder&tood, 
FW revived by him, and by a series of analytical researches junrivtdled 
for their ext^t «md accuracy he first impressed upon chemistry the 
character of a science of number and quantity, which is now its 
highest recommeudation. Several of. Berzdius's numbers received a 
valuable confirmation from Dr. Turner, whose inquiries were especially 
directed to test an hypothesis respecting them proposed and ably 
maintained by Dr. Prout j namely, that the equivalenl^ qf all the 
elements are multiples of .the equivalent of hydrogen, and consequently 
if that equivalent be made equal to 1, all the others will be whole num¬ 
bers.^ Dr. Penny took a part in the same inquiry, (Ibid* 1839, p. IS), 
More lately laborious researches have been undertaken with the same 
object by Dumas, Marignac,. Pelouze, and others, whose results are 
quoted under the table of equivalents. It appears to be definitively 
settled* that the equivalents of the elements are not, without excep¬ 
tion, multiples of the equivalent of hydrogen. Tlie numbel: for 
chlorine (35-5) is conclusive against that hypothesis. At the same 
time, the accurate determinations of the equivalents of cWorine, 
silver, and potassium, by Maumin6, lepd positive support to the opinion 
that these and all other equivalents arc multiples of half the equivalent 
of hydrogen. So do the recent determinations of carbon and hydi'ogen 
in reference to oxygen, and those of nitrogen, sodium, iron, and cal¬ 
cium. The number for lead also, upon the determination of which 
eattraordinaiy pains have been bestowed by Berzelius at different times, 
namely 1J03’56, is favourable to the same view. Now these are the 
equivalents upon which, above all others, our knowledge is mok 
precise and certain. 

, , Might not, therefore, the equivalent of hydrogen be divided bv 
taro,; by which chlorine would become 71 and lead 207, hydrogen 
being 1 ? The multiple relation would not, however, be established 
by priding the ^uivalent of hydrogen, for, as is justly observed by 
Berzelius, the chemic^ reasons which are adduced for the division of 
the equivalent of hydrogen apply with equal force to the equivalent 
of chlorine, and the one cannot be divided witliout diviiiig the 
other. The Equivalent of chlorine would, therefore, still remain a 
multiple of half the equivalent of hydrogen. 

* jp. 523. 
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Thte laws of combinaWon^ said itlie doctrine of eqtiivalents, wliich 
have jnst been considered, are foiinded upon experimentsd evidence 
only, and involve no hypothesis. The most genei^ of these laws 
were not however suggested by observation, but by a theory Of the 
atomic conatitutioh Of' bodies^" in which they ate included, and which 
a.dbrds a luminous explanation of thein. The partial verification 
which tliis theory has received in the establishment of these Mws 
adds greatly to its interest, and is a strong argument in favour of its 
truth. It is the atorade theory of Dalton, the essential part of which 
may be stated in a few words. 

Although matter appears to be divided and oomminuted in many 
circumstances to an extent beyond our powers of conception, it is 
possible that it may not be indefinitely divisible; that there may be a 
limit to the successive division or secability of its parts; a limit 
which it may be difficult or impossible to reach by experiment, but 
which nevertheless exists. Matter may be composed of ultimate 
particles or atoms, which are not farther divisible, and each of which 
possesses a certain absolute and possibly appreciable weight. Now 
the question arises, is the atonv in every kind of matter of the same 
weight, or do atoms of ditierent kinds of matter differ in weight? 
Are the ultimate particles, for instance, to which cliarcoal and sul¬ 
phur arc reducible, of the same or different weights? Let their 
weights be supposed to be different, to be in the proportion of the 
equivalent numbers of sulphur and charcoal, which thus become 
atomic weights^ and so of the atoms of other elementary bodies, and 
tW whole laws of combination follow by the simplest reasoning. The 
atoms of the elementary bodies maybe represented to the eye by 
spheres or by circles in which their symbols are inscribed to dis¬ 
tinguish them, as in the following examples, with their relative 
weights. . 


Nahe, 

Atom. 

Weight of Atom. 

Oxygen . 

@ . 

. . 8 

Hydrogen 

® . 

. . 1 

Nitrogen 

® ■ 

f 14 

Carbon 

© . 

. * , " 6 

Sulphur . i 

® . 

. . 16 

Lead . . . 

@ • 

103,56 
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tak the atoms of bodies^ 

juxtaposition; ^d in. decoinpositici|iii‘^ the 
simple 'atoms sepaiRte a^in from each ot^j>. iR ^ssession of* their 
jbriginitil properties. The atom or integrant particle of a compound 
body is an aggregation of simple atoms, and must therefore have a 
Weight equal to the sum of their weights; as will be obvious from the 
exhibition of the atomic constitution of a few compounds. 

■Wdght. 

Water (oxide of hydrogel •) 1 4- 

Protoxide of nitrogen . (^l(0) l-t-f 

Deutoxide of nitrogen . @(§X2) 

Sulphuric acid . @(0)(0)(^ 

Oxide of lead . . /piyri^ 103’56 + 


8= 

8 = 

16^ 

24= 


9 

22 

SO 

40 


8==Ul-56 


Sulphate of lead 



STOYOIO 


U1-56+ 40=151-56 


It is unnecessary to make any assumption as to the nature, size, 
form, or even actual weight of the atoms of elementary bodies, or as 
to the mode in which they are grouped or mranged in compounds. 
AH that is known or likely ever to be known resjiectiiig them is their 
relative weight. The atom of oxygen is eiglit times heavier than 
that of hychogeii, but their actual heights are undetermined. To 
afford the meaii.«i of expressing the relative weights of these and other 
atoms, a number which is entirely arbitrary is assigned to oue of them, 
namely 8 to the atom of oxygen, and then the weiglit of the atom of 
hydrogen can be said to be 1, of nitrogen 14, of carbon 6, of 
sulphur 16, and of lead 103'56. A single atom t»f water contains 
one atom of oxygen (8), and one of liydrogcii (1), and must there¬ 
fore w eigh 9; mi atom of oxide of lead contains one atom of oxygen 
ana oue of Icsad, which weigh togetJicr 111-56; an atom of sulphuric 
acid, one atom of sulphur and three atoms of oxygen, wliicli weigh 
together 40; and an atom of sulphate of lead, including one of each 
of the preceding compound atoms, must weigh 111-50 4-40, or 
151-50. 

The <^aiva]eiit quantities being now represented by atoms, it 
necessarily follows that bodies can combine in these quantities or 
multiples of them only,- and not in intermediate propoitions, for 
atoms da^aot adiMt of ^vision. In a series of several compounds of 
the same elements, such as the oxides of nitrogen, which was formerly 
referred to in illustration of cwnbinalion in multiple proportions 
(jiage 124), one atom of nitrogen co2nbiue.s with one, two, three, four 
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aiid fivtj ::atoms of oxygen, aiid a simple ratio between the quantities 
of oxygeii in these compounds isi the consequence. Hie equivalent 
of the compound body also is the sum of the equivalents of its 
constituents, for the weight of a compound atom is the weight of its 
constituent atoms. 

By the juxtaposition, separation, and exchange of one atom for 
another in compounds, all kinds of combination and decomposition 
ill equivalent ■ quantities may be produced, while the substhntion of 
ponderable masses for the abstract idea of equivalents renders the 
whole changes most readily conceivable. 

This theory being adopted as a useful, while it is at the same time 
a liighly probable representation of the laws of combination, its terms 
atom or atomic weight may be used as synonymous with equivalent, 
e([uivalent quantity, and combining proportion. 

M. Dumas is disposed to modify the atomic theory so far as to 
allow tlic divisibility of the atoms or ultimate masses in wliicli a body 
enters into combination, and to suppose that they are groups of more 
miinito atoms, into wliich they may be divided by physical, but not 
by chemical forces. He distinguishes tlie atoms which correspond 
with cqim alcnts as chemical aioma, and allowing them to represent 
truly and coiistautly tlic least (piantitics in which bodies cpinhine, 
still supposes that under the influence of heat, an<f perhaps other 
pli3^sical agencies, these molcoahjs may bo subdivided into atoms of 
an inferior order, of whicli, for example, two, four, or a thousand, are 
iiududed in a single chemical atom* But surely such a view is 
entirely subversive of tlie atomic theory. It is principally founded 
on the assumed existence of a similarity between atoms in their capa¬ 
city for heat, and in their,volume while in the gaseous state. 

SPECIFIC HEAT OF ATOMS. 

Hic quantity of heat lujcessary to raise the teniporatiirc of Cfiual 
weights of different bodies a single degree, varies according to their 
nature, and may be expressed by numbers wliicli are the capacities for 
heat or specific beats of these bodies (page £5). This difference 
appears in the numbers for several simple bodies placed together in 
the first column of the following table, among which no relation can 
be perceived. But if the comparison is made between the * capacity 

• sivp la rhilosoiihie Clumiquc, professces au Co^^J^c do France, im* M. Dumas, 

puge 233. 



136 


SifUClFlO HEAT ATbHS^. 


for not of but *^f utifowfo weights of eqmvaletiit 

quhniities the some bodies, as in the secson^ and tlurd eolomtis of 
the table, then the numbers for, several bodies fere found to be Hearty 
tbu ,same, and those of others to bear a simple r^ti<m to each other. 

SPECIFIC HEAT. 


' 


' IV. 

Atomic 

weights. 

r 

Of equal 
weights. 
Specific heat 
of same 

weight of water 
being 1. 

IT. 

Of atoms. 

Spediic heat 
of. 

-atom of water 
being 1. 

-: 

ni. 

Of atoms. 

Specific heat 
of 

atom of lead 
being 1. 

Lead . 

00293 

0-3872 

1-0000 . 

103-56 

Tin . . . 

00514 

0-3358 

0-9960 

58-82 

Zinc . . : . 

00927 

0-3321 

0-9850 

82-62 

Copper 

00949 

0-3340 

0-9908 

31-66 

Nickel . 

01035 

0-3404 

1-0095 

29-57 

Cobalt . 

010696 

0-3508 

• 1-040 

29-52 

Iron 

01100 

0-3315 

0-9831 

28 

Platiniun 

00314 

■ 0-3443 

1-0211 

98-68 

Sulpbnr 

01880 

0-3359 

0-9963 

16 

Mercniy 

00830 

03714 

1-1015 

100-07 

Telluriitm 

005155 

0-8788 

1-123 

64-14 

Gold . 

00298 

0-3292 

0-9765 

98-33 

Arsenic 

0081 

0-6768 

2-0074 

76 

Silver . 

00557 

0-6694 

1-9855 

108 

Phosphorus . ^ 

0’385 

1-3415 

3-9789 

32 

Iodine . 

010824 

1-5197 

4-506 

126-36 

Carbon 

0-2411 

0-1698 

0-4766 

6 

Bismuth 

0*03084 

’ 

0-2190 

0-6494 

70-96 


; Of the first twelve substances, wliich are all metsds, with the 
exception of sulphur, the capacities of the atoms approach so closely, 
that they may be considered as identical; their capacities appearing 
to be all nearly one-third of that of the atom of water, in the second 
column; and nearly coinciding with the capacity of the atom of lead, 
one of their number in the third column. The wmghts of the atoms 
themselves are added in a fourth column, for convenience of refer¬ 
ence. . The twelve substances in question^ taken in the proportions of 
their atomic weights; will, therefore, undergo an equal change of 
tem^rature on assumii^ an equal quantity of heat. The two metals 
which follow in the table, namely, ai'senic and silver, appear to have 
an ei^al capacity for heat, which is'" double that; of lead and the class 
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which coincides with whil^^the capacity of phosphorus is four 
timi^^and that of iodine four and a half times greater than that of 
lead andits class.:;; The C^^ the atom of bismuth appears to 

be two-thirds, and that of carbon to be one-half of the capacity of 
,that of lead. The general results may therefore be stated as fol¬ 
lows i — 




' 




Weight of Atom 

Specific heat of atom 

of lea d 

« 

1 


. 103-56 

<c 


tin . 

• 

1 


58-82 


it 

zinc 


1 


8262 


cc 

copper . . 


1 

- i 

31-66 

<t 

cc 

^nickel 


1 


29-57 

cc 

cc 

cobelt 


1 


29-52 

C( 

lg 

iron 


1 


28 

cc 

cc 

platinum 

• 

1 


98-68 

cc ' 

' cc 

sulphur' . 

• 

1 


16 

cc 

‘ cc* 

mercury . 

* 

1 


100-07 

<c 

c< 

tellurium . 

■ 

1 


64-14 

1< 

ft 

gold 

■ 

1 


98-33 

cc 

cc 

arsenic 


2 

. - 

75 

1C 

cc 

silver 

• 

2 


108 

4C 

cc 

phosphorus 


4 


32 

cc 

it 

iodine - . 


4i 


126-36 

cc 

IC 

bismuth . 


f 


70-95 

cc 

cc 

carbon 

• 

b 


6 


Messrs. Dulong and Petit, whose researches supplied the greater 
portion, of these valuable results, drew a more general conclusion 
from them, namely that aU atoms, or at least all simple atoms, 
have the same capacity for heat, and that those atomic weights which 
are inconsistent with that supposition, ought to be altered and accom¬ 
modated to it. The specific heat of a body would thus afford the 
means of fixing its atomic weight. Some of the alterations in the 
atomic weights, which would follow the adoption of tliis law, might 
be advocated upon other grounds—such as halving the atomic weight 
of silver, doubling that of carbon, and adding one-half to that of bis¬ 
muth. But the equivalent of phosphorus would require to be 
divided by four, whfie that of arsenic, which it so closely represents 
, in compounds, is divided only by two j changes which are inadmissible. 

It must be concluded, then, that elementary atoms have notneces- 
sarily th©,same capacity for heat, although a simple relation appears 
always to exi&t between their capacities. The capacities of the three 
gaseous elements, oxygen, hydrogen, and nitrogen, may likewise be 
adduced in support of such a relation, provided they are the same for 
equal volume of the gases, agreeably to the observations of Duloug. 
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But this relation ca» only be lodked-for between bodies while under 
the same physical dondition, and perhaps agreeing in other oircum- 
st^ees also, for the capacity for heat of the sara^ 'bQdy is. known to 
yi^ under the^ different forms of solid, liquid, and gas j and, indeed, 
wlme the body is in the some state, its capacity appears not to be. 
: absolutely constant, but to increa^ p^ceptibly to elevated tempera- 
iitires (page 26) V • 

; V.' The capacities of compound atoms liave also been submitted to a 
sufficiently extensive examination to deterinine that, simple relations 
subsist among them. In two classes of analogous coinbinations, the 
capacities of the .atoms for heat were found by M. Neumsaia, of 
Kiinigsberg, to approach so closely, that they may be admitted to be 
the same, the differences being sufficiently accounted for by the 
errors .of observation unavoidable in such dehcatc researclies. 


■ . 

or VMVAL 

'VVKIOIITS. 
S[)ceific heat of 
same weight of 
na(er being 1. 

or ATOMIC 

WKIOIITS. 

Sjn’citie heat of 
iitoni of water 
being 1. 

Carbonate of lime .... 

0-204.4 

0-1148 

Qirboiiiite of barytes 

0-1080 

O-llSl 

Carbonate of iron , , . . 

0-1810 

01150 

Carbonate of lead .... 

0-0810 

0-1200 

(’arboiuitc of zinc .... 

0-1712 

0-11H7 ' 

Cai’ljouate of strontian 

DoloTiiile (carbonates of lime and mag- 

01415 

01184 

ncsit!) . . . . . . 

oyjii 

Mean 

0-1121 

0-1162 


A small class of sulphates presented a similar result: 



t)r Kai>Ai. 

.wBKiirrs. 

1 

til' A roM 1C 

'WKIOIIT.S. 

Sulphate of Imryta .... 
Sulphate of lirnc . , 

Sulphate of atroutian .... 
Sulphate of lead 

0-1068 

0-1854 

0-12ho 

0-0830 . 

0-1384 

0-1412 

0-1326 

0-1398 

» . 

Mean ■ . . 

0-1880 


The numbers in the Sjecond column of both tables deviate very little 
from thcii- mean, but there is no f)bvious relation between the two 
means. Identity in capacity for heat is, therefore, to be looked for in 
' cdi^wund atoms of the same iiatiurc, and wdiich closely agree in their 
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cKemitml relation^; like theidU|jab^rs'6f each grdu^, but not between 
ooB^und atoms iwhich are diffarenlly constituted. * ' ' 

V OtiE infonnation on tK^,subject has been greatly extended:"of late 
by the valuable;re4earcheB of M. B^naidt.* The ^atomic heat of 
bodies, as it is naihed by this chemist, is bbtaihed by mtdtiplying the 
observed specific heat of each body by its equivalent, the latter being 
taken upon the oxygen scale. Now this product is found to vary for 
the metallic elements as the numbers 38 to 43, a greater difference than 
camresult from errors of observation; so that the law of atoms is not 
verified in an absolute manner. But if it is considered that the atomic 
\7eigl|ts of the simple substancas in question vary at the same time from 
300 to 1400, tlic lav.' must be adopted, as at least closely approximat¬ 
ing to the. truth. The law would probably represent the results of 
observation in a perfectly rigorous manner, if the specific heat of each 
body could be taken at a determinate point of its thermometrical scale, 
and the specific heat he further disencumbered of all the foreign in- 
llucnces winch modify the observation,—such as the state of softness, 
with the assumption of a certain portion of the latent heat of fusion, 
which many bodies exliibit before melting entirely,—and the heat ab¬ 
sorbed to produce dilatation, which is very great in gases, much more 
feeble in solid and liquid bodies, but which can in no case be neglected 
(llcgnaidt). An increase of the density of copper also, produced by 
hammeriug it, is found by Ecgnault to effect a sensible diminution of 
its specific beat: the latter recovers its original value in the metal 
after being heated. 

The same element, in different conditions as to crystalline form, 
liaiduess, and aggregation, may vary greatly in its specific heat, as is 
observed of carbon both by Begnault, and by Delarivc and Marcet.f 
'I'hc results of the former are lus follows :— 

sriiCIFIC HKAT OF VAllIETIKS OF CARBON. 


Aiiinuil clmi’cual ..... 0'260So 

Wood charcoal ..... 0 24150 

Coke of cosil ...... 0'20307 

Cliarcotd O'om auihracite .... 0'20l46 

(Iraphite, uuturoL ..... 0'201S7 

Graphite of iron fumaccsj . . 0"19702 

Graphite of gas retorts ., . . 0’20360 

Uiaiuotid 0‘14687 


* (111 tlic spcciflc heat of simple and coiiipomid bodies; ^kuujales dc Chiniic, &c. 2ud 
wSr. t. litiii, p. 5, cind 3rd scr. t. i. p. 129". 
t Auaalcs, &o. t. Ixxv. p. 242. 
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'flae -'^orific capaciiy of tins body is the mbre-feeble iti jitopor- 
. tiphits &t^te aggregation is greater: it is aninstahcb of a body 
wliien ' may exist with calorific capacities exten^g l^thlbtigh 'a vety 
';.widerange. v. V. 

The following metallic protoxides of the formula protoxide of 
lead, red oxide of mercury, protoxide of aiahg&ese; oxide bf cbpper, 
and oxide of liickel, have an atomic lieat varying frbin 70-01 to 
76*21, of which the mean is 72-03 ; these numbers being the observed 
specific heats of the oxides multiplied by their atomic weights ; the 
same product averages about 40 in the elements. The atomic heat 
of me^esia is 63*03, and of oxide of zinc 62*77, expressed in the 
same manner, which agree very closely together, but differ consider¬ 
ably from the other protoxides. ' ■ 

The protosulphurets, of the formula MS, correspond nearly with 
the protoxides,—the protosulphurets of iron, nickel, cobalt, zinc, 
lead, mercury, and tin, varying from 71*34 to 78*34; with a mean of 
74*51, while the mean of the protoxides is 72*03. 

Sesquioxides, of the formula O 3 , give for the product of their 
specific heats by their atomic weights, numbers between 158*50 and 
180*015 with an average of 169*73 : they are sexquioxide of iron, 
sesquioxide of chromium, arsenious acid, oxide of antimony, and 
oxide of bismuth, represented as Bia O3, ivithan equivalent of 1003*6.‘ 
But the number of alumina (Al^ O 3 ) was different, being in the form 
of corundum 126*87, and the saphire 139*61. Two corresponding 
sulphurets gave numbers somewhat higher than the oxides, namely 
sulphuret of antimony 186*21, and snlphuret of bismuth l95*90, of 
which the mean is 191*06. 

Two oxides, of the formula MO^, namely biiioxide of tin, and 
artificial titanic acid, gave the first 87*23, and the second 86 * 45 . 
ITie bisulphuret of iron (pyrites) gave 96*45 5 the bisulphurct of tin 
135*66; the sulphuret of molybdenum 123*46, and bisulphuret of 
arsenic (AsSa) 174*51. 

Oxides, of the formMOs, gave the following results: tungstic acid 
118*38, molybdic acid 118*96, silicic acid 110*48, boric acid 103*52. 

The Bubsulphuret of copper, Gu^S, gave 120*21; and the 
sulphuret of silver, usually represented Ag 8 , gave 115.80. 

The following cMorides, to which M. Regnault is disposed to 
assign the common fomula MaClj gave results comprised between 
166-83 and 163*42, wth a mean of 158*64—chloride of sodium, 
chloride of potassiuM, obloride of silver, subcldoride, of capper, and 

* M representing 1 eq. of metal. 
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subchbride of metciwy. The c^«ppe?ptmding iodides ranged from 
to, !l69*3§i excl^iveojf .tliC:ip^de^o^ silver, which was 180*45. 
pf^,e<^r^pon4i% ; bro^de pf potassium was., 166*21, 

bromide of silver 173*8ly arid bromide of sodium 175*65. ; 

J^ptoehlorideai of; chlorides of barium, 

sfroutium, mercury, zinc, and tin, were 

cpmpri^ ^^fewegi li4*72 and 119*59; with a mean^f 117*03. The 
protocliloride of m^ganese was spmewl^t lower, 112*51. 

Of volatile bichlorides (M CI 2 ), bichloride of tin gave 239*18, and 
cldoride of. titanium 227*63 ; of which,the mean is 233*40. The 
two corresponding cldoridcs of arsenic and phosphorus, M CJlg, gave, 
the first 39,9;*26, and the second 359*86 ; mean 379*51. 

The numbers for iodide of lead and iodide of mercury (M I) also 
closely approximate, the first being 122*54, and the second 119*36 ; 
meaul20*95. The fluoride of calcium (M I’) gave 105*31. 

The principal results obtained by M. Eegnault for the salts are 
tlirown together in the following table. The equivalents given in the 
general fpimuhL are those of the table at the beginning of this 
chapter. 


. 

Kamo of the Salt. 

General 
formula, 
(M=l eq. of 
metal). 

Product of 
the specific 
heats by 
the atomic 
weights. 

1 

htean. 

Kitrate of potash .... 

MO + NOa 

802-40 


Nitrate of soda . . . . 

<C 

29713 

801*72 

Nitrate of silver ..... 

t€ 

305-55 

) 

Nitrate of barytes .... 

ic 

248-83 


Metaphosphftte of lime 

MO + POa 

248-04 


Chlorate of potash .... 

MO + ClOa 

321-04 


Arseuiate of potash .... 

MO -wAsOj 

317-30 


Pyrophosphate of potash 

2MO + POs 

395-79 

(. QOA.Al 

Pjrrophosphate of soda 

<< 

382-22 

f ooy ui 

Pho^hato of lead .... 

tt 

302-14 


Phosphate of lead . . 

3MO + POs 

S97-96 


Araomatc of lend .... 

• 3MO + AsOg 

409*37 


Snlphate of potash . . 

MO + SO* 

207.40 

1 206-80 

Sulphate of soda .... 

« 

206-21 

Snlphate of baiytes ... 

t$ 

164-54 

' 

Sulphate of strontian . . 

4t 

164-01 


Sulph^e of lead . . 

C( 

165-89 

16615 

Sulphate of linte . . 

it 

168-49 


Snlphate of m^eain .... 

r. 

168-30 


Clrrottiete of potoah . . . • 

MO + CrO, 

229’b 
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Name of the Sdt. 

General 

foiriida, 

(M sa l eqJ of 
metal). ’, , „ 

Pmdact of 
the spQcific 
heats by 
the atomic 
, w^bts. 

Mean.,;.. 

iBichromatc of potash . . . . 

]vrd+0ciQ^ 

358*67 

•* - * 

Bihorate of pbtash . . . 

MO + SBOj, 

ssli'ar 

1 aii*07 

Biborate of soda . . '. .. . 


S00-8S ! 

y :■■■■■ . - 

Biboratc of lead . . . . • . 

it 

358*80 


Borate of potash ..... 

MO + BO, 

219.63 

^ 216*06 

Borate of soda ..... 

ft 

^ 212 60 i 

Borate of lead . ^ ,. 


165*54 


Carbonate of potadi . . , 

Carbonate of soda . . . 

MO + COg 

it 

187*04 

181*66 j 

^ 184*35 

Carbonate of lime (Tcehnid spar) 

MO + COg 

181*61 I 


Carbonate of lime (anragonitc) 

c« 

131*56 


Ditto (white eaccharoid marble) 

1C 

1.86*20 


Ditto (grey sacebaroid marble) 

Ditto (white chalk) 


132*45 

135*57 

V 134 40 

Carbonate of baiyta . ... 

it 

135*99 


Carbonate of strontian . . 

a 

133*58 


Carbonate of iron 

ft 

138*16 



The results of M. Eegnaiilt on the specillc heat of compound 
bodies ore of great interest with regard to the question of the divi¬ 
sion of the atomic weights of certain elements, to which reference 
has been made. They establish an equally close relation between the 
specific heat of analogous compounds as exists among elementan' 
bodies. The general law is announced by M. Regnault in the fol¬ 
lowing manner :—** In all compound bodies, of the same atomic 
composition and similar chemical constitution, the specific heats are 
in the inverse proportion of the atomic weights.” This law comjire- 
hends, os a particular casej» the law of Dulpng and Pel it for simple 
bodies, and appears to be verified by experiment uitliin the same 
limits as the latter. 

DELATION BETWEEN THE ATOMIC WEIGHTS AND VOLUMES OP BODIES 

IN THE GASEOUS STATE. 

Several of the elementaiy bodies ^es, such as oxygen, hydro¬ 
gen, nitrogen, and chlorine, and the proportions in which Ihe^ com¬ 
bine can be determined by measure^ with equal, if not greater facility 
than by weight, Now a relation of the simplest nature is always 
found to subsist between the measures or volumes in which any two 
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of th‘e gaseptia eleraentapy bodies unite. This arises from the 
circumstance ,that the spetaflc ;^avitios of gases either correvspond 
i«actly with their* atonic w or bear a simple relatiop to them. 

The atom of chlorine is times heavier than that of hydrogen; 
and cliloriiie g^s is also 35^ times heavier than hydrogen gas, so that 
the combining measures of these two gases, which correspond with 
single equivalents, arc necessarily equal. The atom of nitrogen, and 
its weight as a gas, being both 14 times greater than the atom and 
weight of hydrogen gas, their combiuing volumes must be the same. 
The atom of oxygen is eight times heavier than that of hydrogen, but 
oxygen gas is sixteen times heavier than hydrogen gas, so that taken 
in equal volumes these two gases arc in the proportion by weight of 
two equivalents of oxygen to one of hydrogen, lienee, in, the com¬ 
bination of single equivalents of these elements to form water, half a 
volume or measure of oxygen gas niiites -with a whole volume or 
measure of hydrogen gas. One volume of nitrogen also unites with 
half a volume of oxygen, and with a whole volume of tlie same gas, 
to form respectively the protoxide and deutoxide of nitrogen. 

The exact ratio of one or tw o in wliicli oxygen and hydrogen gases 
combine by measure, was first observed by Humboldt and Gay- 
Lussac in 1805. The subject w'as pursued by the latter chemist, who 
established the simple ratios in which gases generally combine, and 
published the laws observed by him, or his l^icory of Volumes, 
shortly after the auuouiiccment of the Atomic Theory by Dsdton. 
'rhey afforded new' and independent evidence of the combination of 
bodies in definite and also in multiple proportions, equally con¬ 
vincing as the observed proportions by w^eight in wliich bodies unite. 
Gay-Lussac likewise observed that the product of the union of twm 
gases, if itself a gas, sometimes retains the original volume of its 
constituents, no contraction or change of volume resulting from their 
combination:—thus one volume of nitrogen and one volmne of 
oxygen form two volumes of deutoxide of nitrogen; one volume of 
chlorine and one volume of hydrogen form two volumes of hydro¬ 
chloric acid gas; and that when contraction follows combinatioTi, 
which is the most common case, the volume of the compound gas 
always bears a simple ratio to the volumes of its elements. Thus two 
volumes of hydrogen, and one of oxygen, form tAvo volumes of steam; 
one volume of nitrogen and three of hydrogen gas form two volumes 
of ammoniacal ; one volume of hydrogen and one-sixth of a volume 
of sulphur-vapour form one volume of sulphuretted hydrogen gas. In 
these aiid all other statements respecting volume^ the gases com- 
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pai:e4 supposed to .be in,the same qpxiiijiastances as to p 
andtaottper^ure. ^ 

The UTu|bnmty of prppertica .observed amon^ gases in compressibiT 
bility and dilatability by heat, has appeare^^ to many chemists to 
indicate a similarity of cpnstitutiou, and ^ favobr the idea that 
they all contain the same number of atonw in the same volume. 
May not equal volumes of oxygen and hydrogen g^es, fjfM instance# 
be represented by an equal number of atoms of oxygen and hydro¬ 
gen respectively placed at equal distances.from each,other, and the 
difference of sixteen to one in the densities of the two gases arise 
from the atom of oxygen being really sixteen times heavier than that 
of hydrogen ? Equal volumes of gases would, then contain an equal 
number of atoms, and one, two, or three volumes would be an 
equivalent expression to one, two, or three atomic proportions, the 
terms volume and atom becoming of the same import, or express¬ 
ing equal quantities of bodies. But such a view is pbviouly inap¬ 
plicable to compound gases, as their volume has a variable relation to 
that of their, elements; and its adoption would require grave altera¬ 
tions to be made in the atomic weights of several of the elements 
themselves, to accommodate those weights to the observed densities 
of the bodies in the gaseous state. This will be seen from the fol¬ 
lowing table, in which the volume or fractional part of a volume 
placed against each element always contains the same number of its 
presently received atoms. These volumes are, therefore, the cquiva- ' 
lent volumes of tlie elements, and may be viewed as representing the 
bulk of their atoms in the gaseous state, the combining measure of 
hydrogen being taken as two volumes. 


ATOMS. 



Volume. 

Weight. 

' . * 

Hydrogen • • 

• 

2 

1 

Nitrogen . '. 

2 

14 

CMorine ...... 

2 

36-5 

Bromine .... 

2 

98*26 

Iodine . . . 


126*36 

Mercnry. 

2 

30007 

Oxygen. 

1 

B 

Phoaphorus ..... 

J 

32 

Arsenic ...... 

1 

76 

Solphnr .. 

* 

16 

A 


- 
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Of the first six bodies enumerated, equivalent weights occupy each 
two volumes. It was, indeed, the observation of this equality between 
the atom and volume in these gases, that led to the supposition of 
that relation being general. But the atoms of oxygen, phosphorus, 
and arsenic, occupy only one volume, and would require to be 
doubled to fill the same volume as the preceding class j or the latter 
rather preserved fixed, and the former class divided by two. The 
present atom of sulphur affords only one-third of a volume of 
vapour, and must, therefore, be multiplied by six to afford two 
volumes. 

It will be found conducive to perspicuity to apply the expression 
combining trteafture to the volume or volumes of a gas which 
enter into combination. The combining measure of oxygen being 
one volume, the combining measure of hydrogen and its class will be 
two volumes ; or the atom of oxygen gives one, and the atom of 
hydrogen two volumes of gas. Volumes of the gases may be repre¬ 
sented by equal squares with their relative weights inscribed, the 
numbers having reference to the number assigned to the oxygen 
volume. If that number be 8, or tlie atomic weight of oxygen, as in 
column 1 of the table which follows, tlieii the number to be inscribed 
in each of the two volumes forming the combining measure of 
hydrogen will be 0*5, or half its atomic weight, the combming 
measure itself having the full atomic weight of hydrogen, namely 1. 
So, of other gases, the combining measure has the whole atomic weight, 
which is divided among the component volumes. But there is the 
reason for preferring the number 1105*6 to 8 for the standard 
oxygen volume, that the weight of a volume of air being taken as 
1000, that of an equal volume of oxygen is 1105*6; and con¬ 
sequently the corresponding number for the volume of hydrogen, 
69*3, expresses the relation in weight of that gas also to air, and so 
do the corresponding numbers for all the other gases. The numbers 
on this scale, wliich express the relative densities of a volume of each 
gas, and are inscribed in the squares of column 2, are indeed the 
common spacijic gravities of tJie gases. 
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I. ^ , 

Atomic weiglit. Combining 

measure. 


Oxygen . . 



Phosphorus . . 82 . . 



n. 

Combining measure. 



f • • 


1000 


1105-6 


4422 


0 5 

Hydrogen 1 . . 

05 


69-3 

69-3 


17-75 


Chlorine. . . 35-5 


17-75 


2453 

2453 


The double squares, which represent the combining measu/es of • 
hydrogen and chlorine, are divided into volumes by dotted lines, to 
shew that the division is imaginary, the partition of a combining 
measure, like that of an atom which it represents, being impossible. 
The. specific gravities of gases being merely the relative weights of 
equal volumes, may be expressed by tlie numbers in the squares of 
tlie first column; and the specific gravity of oxygen being accordingly 
made 8, the specific gravity of any other gas will either be the smne 
number as its- atomic weight, or an aliquot part of it. Or if the- 
specific gravity of oxygen be made 1 or 1000, the relation of densities 
to atomic weights will still be very obvious. (See page 80). 

The combining measures of compound gases, ^though variable, 
have still a constant and simple relation to each other—such as 1 to 1, 
1 to 2, or 2t to 8 ; their elements in combining suffering either no 
condensation, or a definite and very simple change of volume. Hence 
the density of a compound gas may often be calculated with more 
precision from the densities of its constituents, and a knowledge of 
the ^change of volume^ if any, which occurred in combination, than it 
be determined by experiment. 
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To deduce on this principle the specific gravity of steam. Water 
consists of single equivalents of oxygen and hydrogen, of which the 
combining measure of the first is one, and that of the second two 
volumes. These three volumes weigh 1105*6 4- 69*3 + 69*3=1&44*2, 
and they form two volumes of steam; of‘which one volume must, 
therefore, wei^ 1244*2 divided by two, or 622*1, which is, con¬ 
sequently, the calculated specific gravity of steam, referred to that of 
air as 1000. The relations in volume of the gases before and after 
combination may be thus exhibited. 

CJombining mcasore, or one Combining measure, or two Combining measure, or two 
volume of oxygen. volumes of hydrogen. volumes of steam. 

1105-6 69-3 6221 

69-8 622-1 

]2t4-2 1244 2 

It thus appears necessary to inscribe 622*1 in each volume of steam, 
to make up 1244*2, the known weight of the two volumes. 

In the formation of hydrochloric acid equal measures of 'chlorine 
and hydrogen unite without condensation, so that the product pos¬ 
sesses the united volumes of its constituent gases. 


Combining meosoi-e 
of hydrogen or two 
volomcs. 

Combining measure 
of chlorine or two 
voliuncs. 

Combining measure of 
bydrtichloric acid or four 
volumes. 

69-3 

2453 

1261-1 

1261 1 

69'3 

2453 

12611 

'*1261-1 

5044-6 


B044-6 


The specific gravity or weight of a single volume of hydrochloric acid 

is, therefore, obtained by dividing 5044*6 by 4, and is 1261*1. 

The specific gravity of the vapour of an elementary body which 
there are no means of ascertaining experimentally, may sometimes be 
calculated from the known density of a gaseous compound containing 

it. The density of carbon vapour may be thus deduced from the 
observed density of carbonic oxide gas. Assuming that the combin¬ 
ing measure of carbon is double that of oxygen, as is true of hydro¬ 
gen and several other elementary bodies, then carbonic oxide, which 
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like water consists of single equivalents of its constitufcnts, will 
resemble steam in its constitution also, and be composed of one 
Volume of oxygen gas, and two volumes of carbon vapour condensed 
into two volumes. The weight of a single volume of carbonic oxide 
being 972*7, two volumes (1945*4) may be resolved, as shewn in the 
diagram below, into one volume of oxygen, 1105’6, and two volumes 
of carbon-vapour, 839*8, (1945*4—1105*6 = 839*8) each of which 


it follows must weigh 419*9, or 420. 


Combining measure or Combining measure or 

two volumes of carbonic • one volume of oxygen, 

oxide. 

Combining measure or 
two volnmcs of ^bou 
vapur. 

972*7 1105*6i 

419*9 

972*7 

419*9 

1945*4 

1945*4 


But the density 420 thus assigned to carbon vapour wdl only be 
true if it corresponds with hydrogen in its combining measure; but 
the combining measure of carbon vapour may as well be one-half 
that of hydrogen, like that of phosphorus, or one-sixth, like that of 
sulphur, and then the density will be double or six times that sup¬ 
posed. The important conclusion, however, that the density of car¬ 
bon vapour is either 420, or some multiple or sub-multiple of that 
number, is quite certain. 

The following Table comprises nearly all the accurate informa¬ 
tion which chemists at present possess respecting the specific gravi¬ 
ties of gaseous bodies. The bodies placed first in the table are 
generally considered as belonging to the inorganic, and those in the 
latter part to the organic department of the science. Tlicy arc all 
experimental results, with the exception of two or three cartes which 
are calculated. The specific gravity of carbon-vapour is assumed 
here as six-sixteenths of that of oxygen (1105*6). 
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TABI.E OP SPECIPIC GEAVITY OP GASES AND VAPOURS. 



ProiKjrtion of an eq. 

SpECinc GttAviTr. 


Names of Substances. 




Ob. 

Air = 1. 



in 1 volonic. 

Oxyg. = l.'ll. = 1. 

servers. 

Sulphur ... 

8 S 

0617 

. 1105;e3 

4355 

6983-9 

96 

D. 

Oxygca ... 

0 

1000 

16 

E. 

Phosphorus. 

P 

8988-3 

64 

D. 

Arsenic '. 

As 

10600 

9586-6 

150 

M. 

Hydrogen . 

11 

69-26 

62-6 

1 

R. 


2 





Carbon (liypotUetical). 

C 

414-61 

375 

6 

Calcul. 


2 





. 

N 

971-37 

878-5 

14 

R. 


2 





Chlorine. 

Cl 

21210 

2189-9 

35-5 

G-L. 


2 





Uruuihic. 

Hr 

55-10 

5009-7 

78 

M. 


2 





Iodine. 

I 

3716 

7882 

126 

I). 


2 





Mercury. 

_Hg 

6976 

0308-5 

10007 

D. 


2 





Water.. 

HO 

2 

CO 

622 

5G2-6 

9 

11. 

Carbonic oxide . 

971-2 

875 

14 

Calc, 


2 





Protoxide of nitrogen. 

NO 

• 

1520-4 

1375 

22 

C. 

2 





Carbonic acid. 

o 1 

1524-5 

1378-6 

22 

B. D. 

. 

2 

’ 





COCl 

3399 


49 5 


('Iilorociu'buuio acid . 

2 

3564-8 




Siiliihide of carlmn . 

esg 

26-14-7 

2391-6' 

38 

G-L. 


2 

ns 

Ifydrosnlplinric iicid . 

1191-2 

1077-3 

17 

G. T. 


2 
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GHAVITY OF GASEft AWD VAPPUES, 


- liHunes of Substant^. 

Frc^rtion of an eq. 
iu 1 volume. 

I Sfxoitio Gbatity. 

Ob- 

scrvcra. 

1 

I Air == If 


;h.«i 

Hypochlorous acid ... 

CIO 

2998-4 

2693-4 

43-5 



1~ 


Cyaau^n- .... 

NCa 

1806‘4 

1633*7 

1983*1 

26 

G-L, 

Solpliuroiis acid .. 

"2 

SO, 

193 

32 

H-D. 


2 

Sulphuric acid (aohydrous)... 

SO, 

” 2 " 

3000 

2718 

40 

M. 

Chlorosulphoric acid .. 

SO. Cl 

4666 

4219 

67*5 

B. 


2 

Chloride of sulphur. 

SCI, 

8085 

3832*7 

51-5 

D 


2 

Axseuious acid.. 

AaO, 

18850 

12526 

198 

M. 

Sulphate of water at 848° ... 

HO, SO, 

2 

1680 

1510 

24-5 

B. 

Chloride of mocuiy . 

■ 

HgCl 

2 

0800 

8862-3 

136-5 

M. 

Bromide of mercury. 

HgBr 

2 

12160 

10906-6 

178 

M. 

Iodide of mercury . 

Hgl 

2 

16630 

14134-6 

226 

H. 

Bichloride of tin. 

SnClg 

9199-7 

8389-4 


D. 


2 

• • • 

Bichloride of titanium. 

TiCl, 

2 

6876 

6181*9 

... 

D. 

Snlphiiret of meremy. 

HgS 

5510 

4982-9 

77-8 

M. 


3 

Penta>chloride of phosphoruB 

PCI, 

«8 

8680 

3329 

62*375 

C’. 

FlnoridA of fnlirioTT*.. 

SiFl, 

3600 

3256-5 


D. 


8 


Chloride of siliciam . 

SiCl, 

8 

5939 

5370-7 

... 

D. 

Hydrochloric acid . 

HCl 

1 aAT-A 

1128 

18-28 

B. A. 


4 
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/ ' ' ' 

Proportion of an eq. 
in 1 volume. 

SpEciiic Gravity. 

Ob¬ 

servers. 

Names of Su1>8taiu!es. 

Air ■» 1. 

Oxygl = 1. 

OBI 

Hydrobromic acid .. 

HBr 

2781 

2469-7 

39-5 






Hydriodioacid .. 

HI 

4443 

4017-8 

63-5 

G-L. 


~ 




llydrot^anic acid . 

HCy 

947-6 

856-9 

18-5 

G-L. 


4 




Cblonde of (^anogen. 

Cy Cl 

2111 

1908-9 

80-75 

G-L. 


• 4 





Deotoxide of nitrogeo. 

NO* 

1038-8 

989-3 

15 

B’. 


4 





Peroxide of nitrogea . 

NO* 

1720 

1655-4 

23 

C. 


4 




Ammonia . 

NH„ 

596-7 

539-6 

8-5 

B.&A- 


4 




Pboaphuiettcd hydrogen. 

PH, 

1214 

1097-8 

17-25 

D. 


4 

• 




Hydride of nraenic. 

AsH, 

2695 

2437 

39 

D. 

4 





Terchloride of phosphorus ... 

PCI. 

4875 

4408*5 

69-75 

D. 


4 





Terchloride of arsenic. 

AsCl, 

6300-6 

5697-7 

91-5 

D. 


4 





Chloride of bismuth . 

Bia 

11160 

10092-1 


J. 


4 





Iodide of arsenic .. 

Asl, 

16100 

14560 

226-5 

M. 


4 





Subchloride of mercury . 

Hga Cl 

4 

8350 

7651 

136 

M. 

Subbromide of mcronry. 

Hga Br 

4 

10140 

9170 

180 

M. 

Plunride of boron .. 

BP, 

2312-4 

2091-2 


J-B. 


4 





CMoride of boron . 

Bca, 

3942 

3564-8 


D. 


' 4 






c,n* 

559-6 

606-1 

8 



4 

' 
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SSBOIPIC GBAVITY OF OtASm AND ’VAPOlJBa, 


Karnes of Snbstances. 




1^ ^ I Spkoific Gravity. 

Proportion of an eq.— - Oo- 

j m 1 volume. j Air — 1. !Ox^. * l.'H =>=1. servers. 
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Names of. Substances. 

Proportion of an. eq. 
in 1 volume. 

SpKCIHC OSAVITT. 

Air * 1. Oxyg. => l.^H. »= 1, 

Oh. 

servers.| 

Woodspirit. 

Ca 0 . 

1120 

j 1012-8 

1 16 ■ 

D. P. 


4 





Methylic ethet 

CaH ,0 

1617 

1462-3 

28 

M 


2 





Metbylic ether (mcmocblo- 
rinated) . 

Ca Ha CIO 

2 


8529-5 

57-5 

R. 

Methylic ether (bichlorinated) 

C„ HClg O 

6 

2115 

1912-6 

80-06 

R. 

Methylic ether (perchlorinoted) 

Ca a^o 

3 

4670 

4223-2 

62*75 

Id. 

Formic acid at SSI’S” F. 

Ca Ha O 4 

1610 

1456 

23 

B. 


4 





Sulphide of methyl. 

CaHaS 

6367 

6657-8 

94 

Id. 

Chloride of carbon. 

CaCl^ 

4 

5830 

4820 

77 

R. 

Chloride of carbon (another) . 

C..CL 

5820 

6263-1 

83 

Id. 


4 





Chloride of carbon (another) . 

C.Cla 

4 

8157 

7376-6 

'118-5 

1 

Id. 

Chloride of methyl. 

Ca Ha Cl 

1731 

1565-4 

25-25 

D. P. 


4 





Chloride of methyl (mono- 
cldorinated). 

Ca Ha Cla 

4 

3012 

2724 

42-6 

R. 

Flnoridc of methyl. 

Ca Ha F 

1186 

1072-5 

16-5 

D. P. 


4 



Iodide of methyl. 

Call. I 

4883 

4415-8 

70-6 

Id. 


4 



Sulphate of metliyl.. 

Ca H, 0, SO, 

4565 

4128-1 

63 

Id. 

Nitrate of methyl . 

C, H, 0. NO, 

2653 

2399-6 

88-6 

Id. 

Fvrmiate of methyl. 

|Ca H, 0. Ca HO, 

2084 

1884’5 

80 

Id. 

Acetate of methyl . 

iCaH.O, C^H.O, 

5563 

2317-7 

37 

Id. 
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StECaPlC GRAVITY OP GASES AND VAPOURS. 



Proportion of an cq. 
in 1 volume. 

Specipio Gbavitt. 

Oh- 

: Names of Substances. 

Air = 1. 

Oxyg, == 1. 

H. = l. 

servers 

Methylal..... 

C. H, 0^ 

2625 

2874 

38 

M'. 


4 






C 4 He On 

1613 

1468-7 

23 

G-L. 

Mercaptan ... .. 


2326 

2103-4 

31 

B. 


4 





Ether... 

C.» H, 0 

2586 

2338-5 

37 

G-L. 


2< 





Snlpliiiret of ethyl . 

C 4 HnS 

3100 

2803-4 

45 

R. 


2 





nWoriile nf etliyl 

Hn Cl 

2290 

2006-6 - 

42-26 

T. 

Chloride of ethyl (mono- 
chlorinated) . 

4 

Cln 

4 

3478 

3145-2 

49-5 

R. 






Chlorideof ethyl (hichlorinated) 

C* H, Cl, 

4 

4530 

4096-6 

66-75 

R. 

Chloride of ethyl (trichlorinated) 

C^ Hg Cl^ 

4 

5799 

5244-1 

84 

Id. 

Chloride of ethyl (qiiadrichlo- 
rinated) . 

nci, 

A 

6975 

6307-6 

101-25 

Id. 







Iodide of ethyl . 

C4H,I 

5475 

4951-2 

77-5 

G-L. 


4 





Nitrons ether. 

C., II, 0, NO, 

2626 

2374-7 

37-6 

D. B’. 


4 





Chlorocarbonic ether . 

C,H,0, CnOnQ 

3829 

3462-8 

54-25 

D. 


4 





Sulphurous ether . 

C, H, 0, SOa 

4780 

4323 

69 

E.&B, 


2 





Oxalic ether ... 

C 4 II 5 0 , Cg 0 , 

5087 

4600*3 

73 

D. B’. 


2 





Silide ether (tribasic). 

3C, H, 0, SiO, 

7210 

6521 

104 

E. 

3 





Boric ether (tribasic) . 

SC 4 H, 0, BO, 

6140 

4649 

72 

E.&B. 


4 





, Acetic ether . 

C^HgO, C^HgO, 

8067 

2778-S 

44 

Id. 


4 
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Names of Substances. 


Benzoic ether. 

Succinic ethar.. 

Fyromncio ether. 

(Enanthic ether . 

Dutch liquid. 

Bromide of olefiant gas 

C 

Chloroform 


Alcarsm. 

Acetic acid at 482° F. 

Chloracetic add. 

Acetone . 

Benzoic add . 

Hydride of salicyl ... 
Eugenie add . 


Spbcwio Gbavity. 

Proportion of an eq. -- 

in 1 volume. Air =» 1. jOxyg. ■« 1. H. *• 1. eorvers. 


C4HgQ>Ci4H»0a 54Q9 4399 

4 

G*H»0»C4H,Oa gggO 5624-8 

2 

4394-1 


mmam 


II, Cl, HCl 


H, Br, HBr 


10608 9502-6 


C, HCl, 


C, H, O, 


4 

C, H, As 


2 

C4 H, O, 


4 

C, HCl, O, 


4 

C, H, O, 


4 

C. 4 H, 


4 

C.4Ha O, 


4 

Cfl, O, 


4 

^90 HlS ®9 


6485 



Urethane 


3096 


21 
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• 

After the nftme of each substance in the preceding table is given 
the formula of its equivalent, which is divided by the number of 
volumes of vapour which the equivalent gives and the combining 
measure contains. Tlie equivalent thus divided therefore expresses 
the composition of a single volume of the vapour. The first column 
of numbers contains the specific gravities referred to air as 1000 j the 
second, in which the specific gravities are expressed with reference 
to that of oxygen as 1000 , is obtained by dividing the former specific 
gravities by 1105'6, the specific gravity of oxygen gas. In the third 
column, the specific gravities are referred to hydrogen as 1 ; and 
consequently the number for any vapour expresses how many times 
that vapour is heavier than hydrogen. The numbers of this column 
only are oMained by calculation from the equivalents, and are therefore 
the theoretical densities: if divided by 16 they give corresponding 
theoretical densities on the scale of oxygen equal to 1 ; or if divided 
by 14‘416 (the number of times which air is heavier than hydrogen) 
they give the theoretical densities on the scale of air c(|ual to 1. The 
letter or letters in the last column refer to the name of the observer 
on whose authority the experimental specific gravities of the first and 
second columns of numbers are given.* 

An extraordinary variation in the specific gravity of acetic acid at 
different temperatures was observed by M. Dumas, which is con- 
finned by M. Cahours and M. Bineau,t and the anomaly found to 
extend to certain acids allied to the acetic; namely formic, butyric, 
and valerianic acids. Thus the vapour of acetic acid (II O, C 4 II3 O3), 
has a specific gravity of 3200 at 125° Centig., 2480 at 160° C., 
2220 at 200° 2090 at 230°, 2080 at 250°, and retains the last 
specific gravity, wliich corresponds with the theoretical density of 
four volumes from one equivalent, at liigher temperatures; the 
observation being made up to 338° C- Tliis vapour has, indeed, been 
observed with a density so great as 3950, under reduced pressure, and 
at a low temperature, namely 69° Fahr. The variation is probably 
accounted for by considering the acid to be bibasic at low tempera- 

* A signifies Felix d’Arceti B, Bunsen; B^ Board; BA, Biot and Arago; BD, 
BerzeHiis and Dnlong ; C, Colin; C’, CruikshanlcB ; C”, Cahonra; D, Dinnaa; DB, 
Dnmas and Boussingault; BB’, Dumas and P. BouUsy; DP, Dumas and Pcligot; E, 
Ebclmen; E and B, Ebebmien and Bouquet; F*, Fremy; G>L, Gay-Lussac; GT, 
Gay-Lussac and Thcnard; L, Liebig; LF, Liebig and Pelouze; M, Mttseberlieh ; M', 
Malaguti; P, Firis; PW, Pcletier and Walter; K, Regnault; TS, Theodore dc Saussiirc. 
The table itself is that given hy M. Baodrimont in his cxcdleut Traitc dc Chimie, some, 
what modified and extended. 

t Ann^s de Chimie. &c. ser.-t, xviii. p. 2^6. 
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* 

tures, with a double Equivalent and double density, and to assume 
progtessivdy the molecular form and single density of the monobasic 
acid, as the temperature rises. The acid undergoes no permanent or 
constitutional alteration at the highest of the temperatures specified, 
but condenses again in possession of all its usual properties. 

Butyric acid has a density of 3680 at 177° C., wliich falls to 3070 
at 261° C., and remains the same at 330° C. Valerianic acid gave 
similar results, but the variation was less excessive (Cahours.) 

Bormic acid vapour was observed by M. Bineau with a specific 
gravity as high as 3230, imder a pressure of about one-fiftieth of an 
atmosphere, and at the temperature of 51° F., while it rarefied to 
1610 at 416° Fahr., under the usual atmospheric pressure. The two 
sorts of molecular groups of this acid correspond respectively with the 
specific gravities, 1590 and 3180; in the first case the ordinary 
equivalent (Oj H O 3 + H O) gives four, and in the second two 
equivalents of vapour. 

The acetic and other acids of this class were formerly supposed to 
give three volumes of vapour, but it is doubted whether the propor¬ 
tions of three and six volumes exist at all, or that the vapourous mole¬ 
cule of compound bodies is ever divisible except by 2 , 4, or 8 .* Three 
compounds of siheium form exceptions to this rule—the chldride 
Si CI3, and the corresponding fluoride and ether, which give tliree 
volumes. From this circumstance, and the analogy which subsists 
between silicic acid, and the titanic acid and binoxide of tin, it has 
been proposed to diminish the equivalent of silicium one-third, repre¬ 
senting silicic acid by Si ; and, in consequence, the chloride and 
fluoride of silicium and silicic ether would possess, in the state of 
vapour, a molecule divisible by 2. Two chlorinated compounds of 
methyl and the sulphuret of mercury are the only other substances 
of which the equivalents are divided in the table by 6 or 3. 

The specific gravity of the vapour of oil of vitriol H O, S O 3 , was 
found to vary from 2500 at 030° Fahr., to 1680 at 928° Falir. This 
substance should have a density of 1640 on the hypothesis of the 
union of the anhydrous acid and water without condensation; a num¬ 
ber which corresponds sufficiently w'ell with observations of the density 
made at temperatures above 750° Falir. But the vapours of the acids 
are not the only bodies which present such anomalies; the oils of 
aniseed and fennel, which are perfectly neutral, offer similar results. 
Thus the vapour of the oil of aniseed varies in specific gravity from 
5980 at 473 ® Fahr. to 5190 at 640° Falir.; its theoretical density 
being 5180. The greater part., however, of the compound ethers. 
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and a large number of the volatile oils, particularly the pure hydro¬ 
carbon oils, furnish, at from 60 to 80 degrees above the boiling 
point, nuiobers which accord closely with theory. 

The specific ^vity of the pentachloride of phosphorus, taken by 
M. Mitscherh’ch at 835® Fahr., is represented by 4860,which led to 
the conclusion that the molecule of this compound gives six volumes 
of vapour. But M. Cahours finds that the density of this vapour 
varies with the temperature, from 4990 at 374® to 3656 at 621®; 
about 554° the density is 8680, which corresponds with eight 
volumes of vapour. 

From these tables, it appears that a simple relation always subsists 
between the combining measures of different bodies in the gaseous 
state: 

That the combining measure of a few bodies is the same as that of 
oxygen, or one volume ; of a large number, double tliat of oxygen, 
or two volumes; and of a still larger number, four times that of 
oxygen, or four volumes ; while combining measures of other num¬ 
bers of volumes, such as three and six^ or of fractional portions of 
one volume, such as one-third, are comparatively rare: 

That4he specific gravity of a gas may be calculated from its atomic 
weight, or the atomic weight from the specific gravity, as they are 
necessarily related to each other. Tims, to find the specific gravity of 
a vapour like that of phosphorus, of wdiich the combining measure is 
one volume, or the same as that of oxygen. Tlic specific gravities 
of two bodies, of which the volumes of the atoms are the same, 
must obviously be as the weights of these atoms. Hence, 8 and 32 
being the atomic weights of oxygen and phosphorus, and 1105-6, the 
known specific gravity of oxygen, the specific gravity of ydiosphorus 
vapour is obtained by the following proportion— 

8 : 32 1105.6 : 4422 

= sp. gr. of phosphorus vapour. 

Secondly, to find the specific gravity of a vapour like that of 
fluorine, of which the combining measure is assumed to be two 
volumes, or double that of oxygen. The atomic weight of fluorine 
18-70, 

*8 :18*70 1105.6 : 2584*34 = 

twice the specific gravity of fluorine, being the weight of two 
volumes, and the spedfic gravity required is 1292*17. 

These cases are examples of a general rule, that the specific 
gravity of a body in the state of vapour is obtained by multiplying 
the il^mic weight of the body by 1105*6, the specific gravity of 
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oxygen, and dividing by 8. The number thus found must then be 
divided by the number of volumes which are known to compose the 
combining measure of the vapour. 

The specific gravities thus calculated are generally more accurate 
than those obtained by direct experiment, from the circumstance 
that the operation of taking the specific gravity of a gas is generally 
less susceptible of precision, than the chemical analyses on which the 
atomic weights are founded. The densities of vapours, taken only a 
few degrees above their condensing points, are generally a little 
greater than the truth, owing to a peculiarity in their physical consti¬ 
tution which was formerly explained (page 76). Of such bodies, 
therefore, the theoretical is a necessary check upon the experimental 
density. 

SECTION IV.-RELATION BETWEEN THE CRYSTALLINE EORM AND ATOMIC 

CONSTITUTION OP BODIES—ISOMORPHISM. 

Bodies on passing from ilie gaseous or liquid to the solid state 
generally present themselves in crystals, or regular geometrical figures, 
wliicli are the larger and more distinct the more slowly and gradually 
they are produced. Their formation is readily observed in the spon¬ 
taneous evaporation of a solution of sea-salt, or in the slow cooling 
of a hot and saturated solution of alum, which salts assume the forms 
of the cube and regular octohedron. The crystalline form of r body 
is constant, or subject only to certain geometrical modifications which 
can be calculated, and is most serviceable as a physical character for 
distinguishing salts and minerals. Between bodies of similar atomic 
constitution, a relation in form has been observed of great interest 
and beauty, which now forms a fundamental doctrine of physical 
science, like the subjects of atomic weights and volumes just con¬ 
sidered. 

Gay-Lussac first made the remark that a crystal of potsish-alum 
transferred to a solution of ammonia-alum continued to increase 
without its form being modified, and might thus be covered with 
alternate layers of the two alums, preserving its regularity and proper 
crystalline figure. M. Beudant afterwards observed that other bodies, 
such as the sulphates of iron and copper, might present themselves in 
crystals of the same form and angles, although the form was not a 
simple one like that of alum. But M. Mitscherlich first recognised 
this correspondence in a sufficient number of cases to prove that it 
was a general ft)nscquence of similarity of composition in different 
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bodies. To the relation in fortn he applied the 
(from tape, equal, and shape), and distinguished bodies which 

assume the same figure as isomorphoust or (in the same sense) as 
similiform bodies. The law at which he arrived is as follows'.ir— 
" The same number of atoms combined in the same way produce 
the same crystalline form; and crystalline form is independeiit of 
the chemical nature of the atoms, and determined only by their 
number and relative position.” 

This law has not been established in all its generality, but perhaps 
no fact is certainly known which is inconsistent with it, while an in¬ 
disposition w'hicli certain classes of elements have to form compounds 
at aU similar in composition to those formed by other classes, limits 
the cases for comparison, and makes it impossible to trace the law, 
tliroughout the whole range of the elements, in the present state of 
our knowledge respecting them. 

The relation of isomorphism is most frequently observed between 
salts, from their superior aptitude to form good crystals. Thus the 
arseniate and phosphate of soda are obtained in the same form, and 
are exactly alike in composition, each salt containing one proportion 
of acid, two of soda, and one of water as bases, together with twenty- 
four atoms of water of crystallization. With a difterent proportion of 
water of crj^stallization, namely, with fourteen atoms, and the other 
constituents unchanged, the crystalline form is totally dilferent, but 
is again the same in both salts. For every arseniate, there is a phos¬ 
phate corresponding in composition, and identical in form; the 
isomorphism of these two classes of salts is indeed perfect. The 
arsenic and phosphoric acids contain each five proportions of oxygen 
to one of arsenic and phosphorus respectively, and are supposed to he 
themselves isomorphous, althougli the fact cannot be demoustmted,a 3 
the acids do not crystallize. The elements, phosphorus and arsenic, are 
also known to be isomorphous : and the isomorphism of their acids 
and salts is referred to the isomorphism of the elements themselves ; 
isomorphous compounds in general appearing to arise from isomor¬ 
phous elements uniting in the same manner with the same substance. 

The isomorphism of the sulphate, seleniate, chromate, and manga- 
nate of the same base is likewise clear and easily observed j each of 
the acidd in these cases containing three proportions of oxygen to 
one of selenium, sulphur, chromium, and manganese, themselves pre¬ 
sumed to be isomorphous. 

Of bases, the isomorphism of the class consistiqg of magnesia, 
oxide of zinc, oxide of cadmium, and the protoxides of nickel, iron 
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S,nd cobalt, is well marked in the salts which they form with a com¬ 
mon acid, and is particularly observable m the double salts of these 
oxides, such as the sulpliate of magnesia and potash, sulphate of zinc 
and potash, sulphate of copper and potash, which have aU six atoms 
of water and a common form. The* sulphates themselves of these 
bases differ, most of them affecting seven atoms of water of crystal- 
lizati in, while the sulphate of copper affects five; but those with the 
seven may likewise be crystallized in favourable circumstances with 
five atoms of water, and then assume the form of the copper salt, 
thus exhibiting a second isomorphism like the arseniate and phos¬ 
phate of soda. 

The sesquioxides of the same class of metals with alumina and the 
sesquioxide of chromium, which consist of two atoms of metal and three 
of oxygen, also afford an instructive example of isomorphism, partiou- 
larly in their double salts. The sulphate of the sesquioxide of iron with 
sulphate of potash and twenty-four atoms of water, forms a double 
salt having the octohedral form of sulphate of alumina and potash, or 
common alum, the same astringent taste, with other physical and 
chemical properties so similar, that the two salts can with difficulty 
be distinguished from each other. The salt is called iron alum, and 
there are corresponding manganese and chrome alums, neither of 
which contains alumina, but the sesquioxide of manganese and sesqui¬ 
oxide of cliromium in its place, with the proportions of acid and water 
wliich exist in common alum. In all these salts another substitution 
may occur without change of form; namely, that of soda or oxide of 
ammonium for the potash in the sulphate of potash, giving rise to 
the formation of what are called soda and ammonia alums. 

Certain facts have been supposed to militate against the principles 
of isomorpliism, which require consideration. 

1. It appears that the corresponding angles of crystals reputed 
isomorphous are not always exactly equal, but are sometimes found to 
differ two or three degrees, although tlie errors of observation in good 
crystals rarely exceed 10' or 20' of a degree. But it has been shewn 
by Mitscherlich that a liifference may exist between the inclinations 
of two series of similar faces in different specimens of the same salt, 
of 59'j while it is also known that the angles of a crystal alter sen¬ 
sibly in their relative dimensions with a change of temperature 
(page 3). 'Kie angles "of crystals are, therefore, affected in their 

M 
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values within small limits by causes of an accidental character, 
and absolute identity in crystalline form may require the concur¬ 
rence of circumstances which are not found together in tlie ordi¬ 
nary modes of producing many crystals, which are still truly isomor- 
phous. 

The following table exhibits the inequalities which have been ob¬ 
served between the angles of certain isomorphous crystals;— 


Rhamboidalform. 


Carbonate of manganese (diallogite) . 

103° 

“ lime (calc-spar) .... 

105° 5' 

“ lime and mtignesia (dolomite) 

100° 15' 

“ magnesia (giobertite) . . 

107° 25' 

“ iron (spathic iron) 

107° 

“ zinc (smithsonite) 

107° 40' 

Stjuarfi prismatic with rhomboidal base. 


Carbonate of lime (arragonitc) .... 

110° 5' 

“ lead (ccmsc) .... 

117° 

" stroutian (strontiauitc) . 

117° 32' 

“ barjia (witheritc) 

118° 57' 

Sulphate of baryta. 

101° 42' 

“ leail (anglesite). .... 

103° 42' 

“ strontia (cclestine) .... 

lOr 30' 


2. It appears that the same body may assume in different circum¬ 
stances two forms which are totally dissimilar, and have no relation 
to each other. Thus sulphur on crystallizing from solution in the 
bisulphide of carbon or in oil of turpentine, at a temperature under 
100°, forms octohedrons with rhombic bases, but when melted by 
itself and allowed to cool slowly, it assumes the form of an ohliciuc 
rhombic prism on solidifying at 232°. These are incompatible crys¬ 
talline forms, as they cannot be derived from one common form. 
Carbon occurs in the diamond in regulsir octohedrons, and in graphite 
or plumbago in six-sided plates, forms which are likewise incompati¬ 
ble. Sulphur and charcotd have each, therefore, two crystalline 
forms, and are said to be dimorphous, (from twice, and 
shape). Carbonate of bme is another familiar instance of dimorphism, 
forming two mineral species, calc-spar and arragonitc, wliicli arc 
identical in composition, but differ entirely in crystalline form. 
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O. llose has shewn that the first or second of these forms may be given 
to the granular carbonate of lime formed artificially, according as it 
is precij)itatcd at the t(;mpcrature of the air, or near the boiling point 
of water. Of its two forms, carbonate of lime most frecpiently 
aflbcls that of calc-spar: but carbonate of lead, whicli assumes the 
sauic two fonns, and is therefore isodirnorphous with carbonate 
of lime, chiefly affects that of arragonite, and is very rarely found in 
the other form. Had these carbonates, tliercfore, been each known 
only ill its common form, their isomorphism would not liave been 
suspected,—an important observation, as the want of isomorphism 
between certain other bodices may be caused by their being really 
diinorplions, althougli tlie two forms have not yet been perceived. 
Crystallization in three forms is not unknowm: thus titanic acid is 
found in three distinct forms, as the minerals rutile, brookite, and 
anatase. 


3. Tile obscrv'ation of the isomorphism of bodies is of tlic greatest 
value us an indication that they jiossess a similar constitution, and 
contain a like number of atoms of their constituents. But it must 
be admitted that the most jicrfeet coincidence in form is likewise 
obs(‘,rved between certain bodies which arc (juite difl'eront in composi¬ 
tion. Thus bisulphatc of potash is dimorphous, and crystallizes in 
one of the two forms of sulphur (Mitschcrlich). Nitrate of potash in 
common nitre has the form of arragonite, and occurs also, there is 
ri'ason to believe, in microscopic crystals in the form of calc-spar. 
Nitrate of soda, again, has the form of calc-spar. Permanganate 
of baryta and the auliydrous sulphate of soda likewise crystallize in 
one form. Between the first pair, sulphur and bisulphatc of potash, 
the absence of all analogy in composition is sufficiently obvious, 
iiotwitlistauding their isomorphism. Between nitrate of potash and 
carbonate of lime, and between permanganate of baryta and 
sul])hatc of soda, there is no similarity of composition, on the 
ordinary view wliicli is taken of the constitution of these salts, but 
both of these pairs have been assimilated, in specidativc views of their 
constif utiou projiosed by Mr. Johnston* in regard to the first pair, 
and by Hr. Clarkt in regard to the second, which merit consideration, 
although the Iiypotliescs cannot be both correct, as they are based 


* rhiIoso|)hicnl Magazine, Ihinl series, vol. xii. page 480. 
t Records of General Seience, vol. iv. |)age 45. 
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upon incompatible data. To these may be added, the sulphate of 
baryta with percldorate and permangjiuate of potash; BaO, SO3 with 
KO, CIO7 and KO, Miia 0 ^. The sulphide of antimony with sul¬ 
phate of magnesia: Sb S3 \vith MgO, SO34-7HO. Borax with 
augite, labradorite and aiiorthitc, quartz and chabasite, mohsite and 
eudialite, anatase and apophyllite, zircon and wernerite, manganite 
and prehnite. Copper i)yritcSj Cu Be S3, has also the same form as 
braunite or sesquioxide of mangsmese, Miij O3. Leucite and aiial- 
cime both belong to the regular system, aud are aluminous sUicates 
of similar composition; but, while the first contains one equivalent 
of potash, the other contains one equivalent of soda + 2110. 

The nitrite of lead has the same octohedral tigurc as the nitrate of 
lead, with two atoms of oxygen less in its acid. 

Of examples of identity of crystalline form without any well- 
established relation in composition, many others might i)e (piotcd, if 
occurrence in the simple forms of the cube aud regiilar octtthc<lron 
should be allowed to constitute isomorphism. For example: carbon, 
sea-salt, arsenious acid, gah'iia, the magnetic oxide of iron, and 
alum, all occur in octolieilrons, although tliey are no way relatinl iu 
composition. But these simple forms are so common, that they oiu 
be held as afTording no })roof of isomorphism, unless in cn.ses when; it 
’s to be expected from admitted similarity of composition, as between 
the diflerent alums, or between chrome iron and the magnetic oxide 
of iron, Ctg O3, FeO and Fcj O3, FeO. 

But notwithstanding the occurrence of such apparently fortuitous 
coincidences in form, isomorphism must still be considered as the 
surest criterion of similarity of composition which we jwssess. 'Fruly 
isomorjihous bodies getierally correspond in a variety of other proper¬ 
ties besides external forih. Arsenic and phosphorus resembh* each 
other remarkably in odour, although the one is a met;d and the other 
a non-metallic body, while the corresponding arseniates and phos¬ 
phates a^ee in taste, in solubility, in the degree of force witli which 
they retain water of ciystallization, and in various otlier proiwrtics. 
Ihe seleuiatc and sulphate of soda, with ten atom.s of water, which 
are isomorphous, are both efflorescent salts, and correspond in solu- 
bihty, even so far as to agree in an unwonted deviation from the 
usudly observed increasing rate of solubility at high temiMjratures, 
both salts being more soluble in water at 100° than at 212°. In 
fact, isomorphism appears to be always accompanied bv many 
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common properties, and to be the feature which indicates the closest 
relationship between bodies. 

Itr will afterwards appear that the more nearly bodies agree in 
composition, they are the more likely to act as solvents of each other, 
or to be miscible in the liquid form. An attraction for each other of 
the same character is probably the cause of the easy blending together 
of the particles of isomorphous bodies, and of the difficulty of sepa¬ 
rating them after they are once dissolved in a common menstruum; 
such isomorphous salts as the permanganate and perclilorate of 
potash may, indeed, crysttdlize apart from the same solution, owing 
to a considerable difference of solubility j and potash-alum may be 
purified, in a great measure, by crystallization, from iron-alum, 
which is more soluble, and remains in the mother-liquor; but most 
isomorphous salts, such as the sulphates of iron and copper, or 
the iodide and chloride of potassium, when once dissolved together, 
do not crystallize apart, but compose homogeneous crystals, which 
are mixtures of the two salts in indefinite proportions. Tliis inter¬ 
mixture of isomorphous compounds is of frequent occurrence in 
minerals, and was quite inexplicable, and appeared to militate against 
the doctrine of combination in definite proportions, till the power of 
isomorphous bodies to replace each other in compounds was recog¬ 
nized as a law of nature. Thus, in garnet, which is a silicate of 
alumina and lime, Al^ O3, Si O3 + 30 a 0 Si O3, the alumina is found 
often wholly or in part replaced by an equivalent quantity of peroxide 
of iron; wliile the Ume, at the same time, may be exchanged wholly 
or in part for protoxide of iron, or for magnesia, without the proper 
crystalline character of the mineral being destroyed. Hence the 
(■composition of mineral species is most properly expressed by general 
formulm, wiiere a letter, such as R, express^ an equivalent of metal 
which may be calcium, magnesium, manganese, iron, &c.:— 

The Pyroxenes by 3 RO, 2Si O3. 

The Epidotes by 3RO, 2 Ala O 3 , 3Si O 3 . 


The variottB forms of crystals were first happily described by Professor Weiss, of 
Berlin, by reference to " crystalline axes,” which arc three straight lines passing through 
the same point, and terminating in the surfaces or angles of the crystal. The simplest 
case is in which the three axes cross each other at right angles, and arc wjual in 
length, as represented (fig. 51) j 0 being the vertical, and a and b the two horizontal 
axes. A crystal is formed by applying planes in three principal ways to these axes. 

1. By applying six planes so that each shall be perpendicular to one axis and pamllcl 
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to the other two, the hexahedron, or, as it is more commonly termed, the cube (tig. 52), 
is formed. Here the axes terminate in the centre of each of the six faces of the crystal. 

Fio. 51. Fio. 52. 



2. By applying one plane to an extremity of each of the three axes, as to the points 
a, h, and c (fig. al), and seven planes in the same manner to other extreinilies, the regular 
octohedron is produced, of which the eight faces or planes ore all c<|uilatcrtil triangles 
(fig. 53). The axes here tcrininiite in tlie angles of the crystal. 

3. The plane may be applied to the extremities of two axes, and be parallel to the 
third, which will require twelve planes to close the figure, and give rise to the rhombic 
dodecahedron (fig. 5-t). 


Fio. 53. 


Fio 54. 



In these three principal foriris, the planes are applied to the axes at cijnal distances from 
the centre. They may also cut the axes at unequal distances from the centre, giving rise 
to four other lcs.s usual forms. 

\ body ill crystallbing may n.sBumc any of these forms, the only thing constant being 
the crystHlline axe.s. Hence common salt crystnllizi** both in ihc cube and octohedron, 
although most usually in the former figure; and the magnetic oxide of iron both in the 
oclobedroit and rhombic dodccsihedroii. A bculy may even assume several of these forms 
at the same time; tliat is, may present at once faces of the cube, octohedron, and dode¬ 
cahedron. Of the octohedral crystals of alum, for instance, the solid angles arc always 
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found to be cut or truncated by x>Ianes which belong to the cube of the same axes (fig. 65); 
and the edges of the octohedron in the same salt are sometimes removed or bevelled by the 
laces of the dodecahedron (fig. 56). Kgure 57 represents a combination of all these three 


Fig. 55. Fig. 56. 



forms ; find similar or even more complicated 
coinbiuatioiis are often found in nature. 

The groujis of forms thus associated, by being 
dcdiicible from the same axes, constitute what 
is called a “ system of crystallization.” Six 
such systems Jirc enumerated by Weiss, to some 
one of which every crystalline body belongs. 

• 1. The uctohedrfd or regular system of 
crystallization, with the three princixial axes at 
right angles to each other, and equal in length. 
It is that already described. 

2. The squai% prismatic, with the axes at 
right angles, but two only of them equal in 
length. 

3. The right prismatic, with the axes at right angles, but unequal in length. 

4. The rhombohcdi'al, w'ith the axes equal, and crossing at equal but not right angles. 

5. The oblique prismatic, with two of the axes iutcrScctiug each other obliquely, while 
the third is pcpiiendieular to both, and unequal in length. 

6. The doubly-obltquc prismatic, with ail three axes intersecting each other obliquely, 
and unequal. 

]}y the apxiositiun of planes to tlicsc difierent sets of crystaUiiic axes, in the same modes 
ns to the axes of the regular system, scries of forms are produced, having a general 
analogy in all the systems, but sxicciticolly diffei'cnt. 

For additional infornudion on the subject of crystidlography, which, although higiily 
important to the chemical inquirer, is not exactly a department of chemistry, reference 
may be made to the Essay of Dr. Whewell, in the Phil. Trans, for 1825 ; to an Essay by 
Dr. Lecson, in the Memoirs of the Clieraical Society, vol. iii.; the German Elements 
of Crystallography of G. Hose; the Systems of Crystallography of Professor Miller and 
Mr. J. J. Griffin ; and to a short work lately published, entitled “ Elements dc Cristidlu- 
gmpliic, par M. J. Miillcr, traduils de PAllcmand par Jerome Nicklcs,” which appears 
to be well adapted to the wants of the chemist. A full list of isomoriiUous substances 
is given by M. Gmclin in his invnliinble Jlandburh tier vol. i. p. 83. 


Fig. 57. 
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CLASSIFICATION OP ELEMENTS. 

Tlie extent to which the isomorpiious relations of bodies have 
been traced, will appear on reviewing the groups or natural families 
in which the elements may be arranged, and observing the links by 
which the different groups themselves are connected; these classes 
not being abruptly separated, but shading into each other in their 
characters, like the classes created by the naturalist for the objects 
of the organic world, 

I . Sulphur Class .—^This class comprises four elementary bodies : 
oxygen, sulphur, selenium, tellurium. The three last of those 
elements exlubit the closest parallelism in their own properties, in 
the range of their affinities for other bodies, and in the properties of 
their analogous compounds. They all form gases ndth one atom of 
hydrogen, and powerful acids with three atoms of oxygen, of which 
the salts, the sulphates, seleniates, and telhirates are isoraorphous • 
and the same relation undoubtedly liolds in all the corresponding 
compounds of these elements. 

Oxygen has not yet been connected with this group by a certain 
isomorpliism of any of its compounds; but a close correspondence 
betw'een it and sulphur appears, in* their compounds with one class 
of metals being alkaline bases of similar proj)erties, forming the two 
great classes of oxygen and sidphur bases, such as oxide of potfissium 
and sulphide of potassium; and in their ct>mj)ounds with another 
class of elements being similar acids, giving rise to the great chisses 
of oxygen and sulphur acids, such as arsenious and sulpharsenious 
acids. They farther agree in the analogy of their compounds with 
hydrogen, particularly of binoxide of hydrogen and bisulphide of 
hydrogen, both of w hich bleach, and are remarkable for •their insta¬ 
bility; and in the analogy of the oxide, sulphide, and telliiride of 
ethyl, and of alcohol and mercaptan, which last is an alcohol with its 
oxygen replaced by sulphur. Tin's class is connected with the next 
by manganese, of which manganic acid is isornorphoiis with sul¬ 
phuric acid, and consequently manganese with sulphur. 

II. Maf/nesian^ Class .—^This class comprises magnesium, calcium, 
manganese, iron, cobalt, nickel, zinc, cadmium, copper, hydrogen, 
chromium, aluminum, gludnum, vanjwlium, zirconium, yttrium, 
thoiinum. Tlie protoxides of this class, including water, ff)rrn 
analogous salts with acids. A hydrated acid, such as crystallized 
oxalic acid or the oxalate of water, corresponding with the oxalate of 
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magnesia in the number of atoms of water with which it crystallizes, 
and the force with which the same number of atoms is retained at 
high temperatures; hydrated sulphuric acid (HO, SO3 + HO) with the 
sulphate of magnesia (MgO, SO3 + HO). The isomorphism of the 
salts of magnesia, zinc, cadmium, and the protoxides of manganese, 
iron, nickel, and cobalt, is perfect. Water (HO) and oxide of zinc 
(ZnO) have both been observed in thin regular six-sided prisms; 
but the isomorphism of these crystals has not yet been established 
by the measurement of the angles. Oxide of hydrogen has not, 
therefore, been shewn to be isomorphous with these oxides, although 
it greatly resembles oxide of copper in its chemical relations. Lime 
is not so closely related as the other protoxides of tliis group, being 
allied to the following class. Hut its carbonate, both anhydrous and 
hydrated, its nitrate, and the cldoride of calcium, assimilate with the 
corresponding compounds of the group; while to its sulphate or 
gypsum, CaO, SOg + ^HO, one parallel and isomorphous compound, 
at least, can be adduced, a sulphate of iron, TeO, SO3 + 2HO 
(Mitschcrlich), wiiich is also sparingly soluble in water, like gypsum. 
Glucina is isomorphous with lime from the isomorphism of the 
minerals euclase and zoisite (Brooke). 

The salts of the sesquioxide of chromium, of alumina, and glucina, 
are isomorphous with those of ses{iuioxide of iron (Fe^ O3), w ith wliich 
these oxides correspond in composition; and the salts of manganic 
and chromic acids arc isomorphous, and agree with the sulphates. 
The vauadiates are believed to be isomoridious with the chromates. 
Zirconium is placed in this class, because its fluoride is isomorphous 
with that of aluminum and that of iron, and its oxide appears to have 
the same constitution as alumina; and yttrium and thorium, solely 
because their oxides, supposed to be protoxides, are classed among 
the earths. 

Ill- Barium Clans. — Barium, strontium, lead. The salts of 
their protoxides, baryta, strontia, and oxide of lead, are strictly 
isomorphous, and one of them at least, oxide of lead, is dimorphous, 
and assumes the form of lime, and the preceding class in the mineral 
plumbocalcite, a carbonate of lead and lime (Johnston). But certain 
carbonates of the second class are dimorphous, and enter into the 
present class, as the carbonate of lime in arragouite, carbonate of 
iron in junekerite, and carbonate of magnesia procured by evaporating 
its solution in carbonic acid water to dryness by the water-bath 
(Q. Bose), which have all the common form of carbonate of strontia. 
Indeed, these two classes are very closely related. 
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rV. Potassium Class .—^The fourth class consists of potassium, 
ammouium, sodium, silver. The term ammonium is applied to a 
hypothetical compound of one atom of nitrogen and four of hydrogen 
(NH4), which is certainly, therefore, not an elementary body, and 
probably not even a metal, but which is conveniently assimilated in 
name to potassium, as these two bodies occupy the same place in the 
two great classes of potash and ammonia salts, between which there 
is the most complete isomorphism. Potassium and ammonium 
themselves are, therefore, isomorplious. The sulphates of soda and 
silver are similiform, and hence also the metals sodium and silver; 
but their isomorphism with the preceding pair is not so clearly 
established. Soda replaces potash in soda-alum, but the form of the 
crystal is the common regular octohedron; nitrate of potash has also 
been observed in microscopic crystals, having the arragonitic form of 
nitrate of soda,* which is better evidence of isomorphism, although 
not beyond cavil, as the crystals were not measured. There are also 
grounds for believing that potash replaces soda in equivalent quantities 
in the mineral chabasite, without change of form. The probable 
conclusion is, that potash and soda are isomorphous, but that this 
relation is concealed by dimorphism, except in a very few of their 
salts. 

This class is connected in an interesting way with the other classes 
throngh the second. The subsulphide of copper and the sulphide 
of silver appear to be’isomorphous,t although two atoms of copper 
are combined in the one sulphide, and one atom of silver in the other, 
with one atom of sulphur; their formulse being— 

Cuj S and Ag S. 

Are then two atoms of copper isomorphous with oho atom of silver? 
In the present state of our knowledge of isomorphism, it appears 
necessary to admit that they are. 

The fourth class will thus stand apart from the second, which is 
represented by copper, and also from the other classes connected with 
the second, in so far as one atom of the present chias is equivalent 
to two atoms of the other classes in the production of the same 
crystalline form. This discrepancy may be at once remov(;d by 
halving the atomic weight of silver, and thus making both sulphides 

• Franlccnhcim, in Pojj^ndorff’s AmiaJen, vol. xl. page 447. Sec also a paper I)y 
Prnfeaaor Johnston on the received equivalents of potash, soda, and silver; Phil. Mag. 
third aeries, vol. xii. p. 824. 

t See sulphide of silver^ under rilver, in this work. 



CLASSIFICATION OF ELEMENTS. 


171 


to contain two atoms of metal to one of sulphur. But the division 
of the equivalents of sodium^ potassium^ and ammonium, which would 
follow that of silver, and the consideration of potash and soda as 
suboxides, are assumptions not to be lightly entertained. 

It was inferred by M. Mosander, that lime with an atom of water 
is isomorphous with potash and soda, because CaO + HO appears to 
replace KO or NaO in mcsotype, chabasite, and other minerals of the 
zeolite family. The isomorphism of natrolite and scolezite is so ex¬ 
plained : NaO, Ala O3, 2Si03, 2110 with CaO, Al^ O3, 2Si03, 3 HO. 
On the other hand, it is strongly argued by M. T. Scheerer, that 
one equivalent of magnesia is isomorphous with three equivalents of 
water, from the equality of the forms of cordierite and a new mineral 
aspasiolite, the first containing MgO, and the second 3 H 0 in its 
place; and from a review of a considerable number of alumino- 
magnesian minerals. One equivalent of oxide of copper, however, 
is supposed to be replaced by two equivalents of water.* 

V, Chlorine Class. —Cldoriue, iodine, bromine, fluorine. These 
four elements form a well-defined natural family. The three first 
are isomorphous throughout their whole combinations—chlorides 
Muth bromides and iodides, chlorates with bromates and iodates, 
perchlorates with periodates, &c.; and such fluorides also as can 
be compared with chlorides appear to affect the same forms. The 
fluoride of calcium of apatite, CaF, 3 ( 3 CaO, PO5), is also replaced 
bv the chloride of calcium. It is connected with the second class 

V 

through perchloric acid; the perchlorates being strictly isomorphous 
with the permanganates. But the formula; of these tw^o acids are— 

Cl O7 and Mn2 O7, 

one atom of chlorine rejdacing two atoms of manganese. Or, this 
class has the same isomorphous relation as the preceding class to 
tlie (jthers : and such I shall assume to be its true relation. Although 
halvijig the atomic w’cight of chlorine, which w^ould give two atoms 
of chlorine to iwrchloric acid, is not an improbable supposition, 
still it would lead to the same strange conclusion as follow's the 
division of the equivalent of sodium,—namely, that chh»rine enters 
into its other coraj)ounds, as w'ell as into ]>ermanganic acid, always 
in the proportion of two atoms ; for that element is never known to 
combine in a less proportion than is expressed by its presently re- 

P«>pgctul<irflf’8 Aiinaft'n der Physik H»d Chifwie, t. Ixvxii. p. 319. Also, Millon and 
Beiset’s Auinmiru du Chi»iic, 1847, 8vo. Paris, pp. 52 aud 234. 
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ceived equivalent. Cyanogen (C, N), although a compound body, 
has some claim to enter this class, as the cyanides have the same 
form as the chlorides. 

VI. Phosphorus Class. —^Nitrogen, phosphorus, arsenic, antimony, 
and bismuth j also composing a well-marked natural group, of which 
nitrogen and bismuth are the two extremes, and of which the analo¬ 
gous compounds exliibit isomorphism. These five elements all form 
gaseous compounds with three atoms of hydrogen ^ namely, ammonia, 
phosphuretted hydrogen, arsenictted hydrogen, kc. The liydriodates 
of ammonia and of phosphuretted hydrogen are not, however, 
isomorphous. Arsenious acid and the oxide of antimony, both of 
which contain tliree atoms of oxygen to one of metal, are doubly 
isomorphous. Arsenious acid also is capable of replacing oxide of 
antimony in tartrate of antimony and potash or tartar cm<jtic, without 
change of form ; and arsenic often substitutes antimony in its native 
sulphide. The native sulptiide of bismuth (Bi S3) is also isomorjdious 
with the sulphide of antimony (Sb S3). Nitrous acid (^03), wdiich 
should correspond with arsenious acid and oxide of antimony, likewise 
acts occasionally as a base, as in the crystalline compound with sul¬ 
phuric acid of the leaden chambers. Idic complete isomorphism of 
the arseniates and phosphates has already been noticed. But phos¬ 
phoric acid forms two other classes of salts, the pyrophosphates 
and metaphosphates, to which arsenic acid supj)lies no parallels. 

This class of elements is connected with the others by means of 
the followdiig links:—Bisuljdiide of iron is usually cubic, or of the 
regular system; but it is dimorphous, and, in spirkise, it passe.s 
into another system, and has the form of arsenide of iron j Fe S^, or 
rather Fe^ S4, being isomorphous with Fe2 As 83. Again, bisulphide 
of iron, in the pentagonal-dodecahedron of the regular system, is 
isomorphous with cobalt-glance, Fe.2 84 with Co^ As 8.3: so that one 
equivalent of arsenic appears to be isomorphous with 28 . This is 
also supported by the isomorphism of the sulphide of cadmium and 
sulphide of nickel (Cd 8 and Ni 8, or Cda 83 and Ni^ Sq), with 
the arsenide of nickel (Ni^ As). Tellurium has also been observed 
in the same form as metallic arsenic and antimony. The phosphorus 
class approximates also to the chlorine class; nitrogen and chlorine 
both forming a powerful acid with five equivalents of oxygen, nitric 
acid, and chloric acid; but of the many nitrates and chlorates which 
can be compared, no two have j)roved isomorphous. Nor do the 
metaphosphates appear at aU like the nitrates, although their formulie 
correspond. 
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Nitrogen, it must be admitted, is but loosely attached to this class. 
It is greatly more negative than the other members of the class, 
approaching oxygen in that character, with which, indeed, nitrogen 
might be grouped, N being equivalent to 20 . Eor while phos- 
phuretted hydrogen is the hydride of phosphorus, or has hydrogen 
for its negative and phosphorus for its positive constituent, ammonia 
is undoubtedly the nitride of hydrogen, or has nitrogen for its nega¬ 
tive and hydrogen for its positive constituent. The one should be 
written PH3, and the other H3 N—a difference in constitution winch 
separates these bodies very widely. An important consequence of 
classing nitrogen with oxygen is, that, in the respective series of 
compounds of these elements, cyanogen becomes the analogue of 
carbonic oxide, Cj N being equivalent to CO, or rather C2 Og. 

VII. Tin Class. —Tin, titanium. Connected by the isomorphism 
of titanic acid (Ti O2) in rutile with peroxide of tin (Sn O2) in tin¬ 
stone. Titauimn is connected with iron and the second class, 
llmenite and other varieties of titanic iron which have the crystalline 
form of the sesquioxide of that metal,—namely, that of specular 
iron, and also of corundum (alumina),—are mixtures of a sesqui¬ 
oxide of titanium (Ti2 ^3) sesquioxide of iron (H. Rose). 

YIII. Gold Class. —Gold, wliich is isomorphous with silver in 
the metallic state. Gold will thus be connected, through silver, 
with sodium and the fourth class. 

IX. Platinum Class. —Platinum, iridium, osmium. Prom the 
isomorjdiism of their double clilorides. The double bichloride of tin 
and cliloride of ])otassiura crystallizes in regular octohedrons, like 
the double bichloride of platinum and potassium, and other double 
chlorides of tliis group ; which, although not alone sufficient to 
cstsiblish an isomorphous relation between this class and the seventh, 
yet favours its existence (Dr. Cliu*k). The alloy of osmium and 
iridium (Ir Os) is isomorplious with the sulphide of cadmium (Cd S) 
and sulphide of nickel (Ni S) (Breithaupt). 

X. Tungsten Class. —^Tungsten, molybdenum, tantalum, niobium, 
and pclopiura. From the isomorphism of the tungstates and molyb¬ 
dates, the salts of tungstic and molybdic acids, WO3 and M0O3. Tan- 
talic acid is isomorphous with tungstic acid: tantalite (FeO, TaOa) 
with wolfram (FcO, WO3). So are molybdic and chromic acids, 
the tungstate of lime, tungstate of lead, molybdate of lead, and 
chromate of lead (in the least usual of its two forms), being all of the 
same form. This establishes a relation between molybdic, chromic. 
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sulphuric, and other analogous acids.* Niobium and pelopium are 
introduced into this class as they replace tantalum in the tantalitcs of 
Bavaria. 

XI, Carbon Class —Carbon, boron, silicium. These elements 
are placed together, from a general resemblance which they exhibit 
• without any precise relation. They are not known to be isomorphous 
among themselves, or with any other element. They are non-metsillic, 
and form weak acids with oxygen,—the carbonif;, consisting of two 
of oxygen and (jpe of carbon, and the boric and silicic acids, which 
are generally viewed as composed of three of oxygen to one of boron 
and silicium. Silicic acid may, perhaps, replace alumina in some 
minerals, but this is uncertain. 

Of the elements which have not been classed, no isomorphous 
relations are known. They are mercury, which in some of its che¬ 
mical properties is analogous to silver, and in others to copper, 
cerium, didymium, lanthanum, lithium, rhodium, ruthenium, pal¬ 
ladium, and uranium. Ruthenium, however, is believed to be 
isomorphous with rhodium, from the correspondence in composition 
of their double clilorides. Didymium and lanthanum are also 
probably isomorphous with cerium, as they appear to replace that 
metal in cerite. 

According to the original law of Mitscherlich,* that isomorphism 
depei^ds upon equality in the number of atoms, and similarity in 
their arrangement, without reference to their nature, the elements 
themselves should all be isomorphous. Most of the metals crystal¬ 
lize in the simple forms of the cube or regular octohedron, which arc 
not sufficient to establish this relation. But the isomorphism of a 
large proportion, if not the whole, of the elements may be inferred 
from the isomorphism of their analogous compounds. Tims from the 
facts just adduced, it appears that the members of the following large 
class of elements are linked together from the isomorphism of ono 
or more of their compounds. This large class may be subdivided into 
smdler classes, between the members of which isomorphism is of 
more frequent occurrence, and which are then to be viewed as isomor¬ 
phous groups. 


* Johnston, Phil. Mag. 3d scries, vol. lii. p. 387. 
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1. Sulphiir. 
Selenium. 
Tellurium. 

2. Magnesium. 
Calcium. 
Manganese. 
Iron, 
Cobalt. 
Nickel. 
Zinc. 

Cadmium. 

Copper. 

Chromium. 

Aluminum. 

Glucinum. 

Vanadium. 

Zirconium. 


ISOVORPUOU3 ELEHRNTS. 

8. Barium. 

Strontium. 

Lead. 


4. Tin. 
Titanium. 


5. Platinum. 
Iridium. 
Osmium. 

6. Tungsten. 
Molybdenum. 
Tantalum. 


With tvBO atoms of the 
preceding elements. 

7. Sodium. 

Silver. 

Gold. 

Potassium. 

Ammotmm. 

8. Chlorine. 

'Iodine. 

Bromine. 

Fluorine. 

Oganogen. 

9. Phosphorus. 
Arsenic. 
Antimony. 
Bismuth. 


The tendency of discovery is to bring all the elements into one class, 
either as isomorphous atom to atom, or with the relation to the 
others which sodium, chlorine, and arsenic exhibit. 

But must not isomorphism be implicitly relied upon in estimating 
atomic weights, dnd the alterations which it suggests be adopted 
without hesitation in every case ? Chemists have always been most 
anxious to possess a simple physical character by which atoms might 
be recognised; and equality of volume in the gaseous state, equality 
of specific heat, and similarity in crystalline form, have aU in their 
turn been upheld as affording a certain criterion. The indications of 
isomorpliism certainly accord much better than those of the other 
two criteria with views of the constitution of bodies derived from 
considerations purely chemical, and are indeed invaluable in establish¬ 
ing aiudogy of composition in a class of bodies, by supplying a pre¬ 
cise character which can be expressed in numbers, instead of that 
general and iU-defined resemblance between allied bodies, which 
chemists perceived by an acquired tact rather than by any rule, and 
' which was heretofore their only guide in classification. Admitting 
that isomorpliism is a certain proof of similarity of atomic constitu¬ 
tion within a class of elements and their compounds, it may still 
be doubted whether the relation of the atom to crystalline form 
is the same without modification throughout the whole series of the 
elements, or whether all atoms agree exactly in this or any other phy¬ 
sical character. 
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Crystalline form and the isomorphous relation may prove not to 
be a reflection of atomic constitution, or immediately and necessarily 
connected with it, but to arise from some secondary property of 
bodies, such as their relation to heat; in which a simple atom may 
occasionally resemble a compound body, as we find sulphur isomor¬ 
phous in one of its forms with bisulphate of potash; while we 
find another simple atom, potassium, isomorphous through a long 
series of compounds with the group of five atoms which consti¬ 
tute ammonium. The occurrence of dimorphism also, both in 
simple and compound bodies, gives to crystalline form a less fun¬ 
damental character. 

Is it probable that sulphur and carbonate of lime could be made 
to £^pear in sets of crj^stals which are wholly unlike, merely by a 
slight change of temperature, if form were the consequence of an 
invariable atomic constitution ? Crystalline form, then, may ])ossibly 
depend upon some at present unknown property of bodies, which may 
have a frequent and general, but certainly not an invariable relation to 
their atomic constitution. There may be notliing truly inconsistent 
with the principles of isomorj)hism in one atom of a certain class of 
elements havuig the same crystallographic value as two atoms of 
another class, the relation which has been assumed to exist between 
the sodium, chlorine, and phosphorus classes, and the others, particu¬ 
larly when the classes stand apart, aTid ditfer in tlicir properties from 
all the others, as those of sodium and chlorine do. 


SECTION V.-ALLATIIOPY. 

Many solid, and a few liquid, bodies admit of a variation of 
properties, and may present different appeJiraiices at tlie same tem¬ 
perature, " ‘ 

Dimorphism, or the assumption of two incompatible crystalline 
forms by the same body, in difierent circumstances, has already been 
noticed as occurring with sulphur, carbon, carbonates of lime and 
lead, bisulphate of potash, and chromate of lead. It is also ob¬ 
served in the biphosphate of soda, and in a considerable number 
of minerals. The sulphate of nickel (NiO, SO, -f- 7110 ) is 
trhnorphouH; the other .salts of similar composition, such as sul¬ 
phate of m^iesia and sulphate of zinc, have been found in two 
only of these forms. Dimorphous crystals may difl'er in density. 
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the densities of calc-spar and arragonite, the forms of carbonate of 
lime being 2.719 and 2 . 949 , and indeed all resemblance in properties 
between the crystals may be lost, as in diamond and graphite, the 
two forms of carbon. The particular form assumed by sulphur and 
carbonate of lime, which may be made to crystallize in either of their 
forms at will, is found to depend upon the degree of temperature at 
which the solid is produced j carbonate of lime being precipitated, on 
adding chloride of calcium to carbonate of ammonia, in a powder, of 
which the grains have the form of calc-spar or of arragonite, accord¬ 
ing as the temperature of the solution is 50 ° or 150 °.* A large 
crystal of arragonite, when heated by a sjnrit-lainp, decrepitates, and 
falls into a powder composed of grains of calc-spar. Native car¬ 
bonate of iron is isodimorphous witli carbonate of lime; as spathic 
iron its specific gravity is . 3 . 872 , as junckerite 3 . 815 . The crystals 
of sulphur produced at the liigher of two temperatures become 
opaque when kept for some daj's in the air, and pass spontaneously 
into the other form; while the crystals ])ro<luced at the lower tem¬ 
perature are disintegrated and changed into the other form by a 
moderate heat. These observations are important, as establishing a 
relation between dimorphism and solidification at diflerent tem¬ 
peratures. 

A considerable variation of projierties is likewise often observable 
in a solid which is not crystalline, or of which the crYstallinc form 
is indeterminate. This fiict has been designatwl allatropy by 
Berzelius (from iXXorpoTrof, of a different nature) : dimorphism, or 
diversity in crystalline form, is, therefore, a particular case of alla- 
tropy. Sulphide of mercury obtaiue<l by precipitating corrosive 
sublimate by hydrosnlphuric acid, is black ; but the same body, when 
sublimed by bent, or produced by agitating mercury in a solution of 
the persulphide of potassium, forms cinnabar, of which the powder 
is the red pigment vermilion; wliilc vermilion itself, if heated till 
sulphur begins to sublime from it, and then suddenly throw^n into 
cold water, becomes blsck j altliough, if allowed to cool slowly, it 
remains red. Yet it is of the same composition exactly in the black 
and red states. The iodide of mercury newly sublimed is of a lively 
yellow colour, aivd may remain so for a long time j but it generally 
begins to pass into a fine scarlet on cooling, and may be made to 
undergo this change of colour in an instant by strongly pressing it; 
these, however, are two different crystalline forms. The precipitated 


* G. Rose, Phil. Mag. 3(i scries, rol. xii. p. 46a. 
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slilphide of antimony jnay be deprived of tlic water it contains, at 
the melting point of tin, withont losing its peculiar orange colour; 
but, when Jicated a little above that temperature, it sliiinks, and 
assumes the black colour and metallic lustre of the. native sulphide, 
without any loss of weight. Again, the black sulphide, when heated 
strongly and thrown into water, loses its metjdlic lustre, and acquires 
a good deal of the appearance of the precipitated sul})lude. (Chromate 
of lead, w hich is usually yellow, if fused and throwji into cold w-ater, 
gives a red powder. The nitrates of lead arc sometimes white, and 
sometimes yellow; and crystals of sidphatc of manganese are ofteji 
deposited from the same solution, some of wdncli are pink, and others 
colourless, although identical in composition. 

Such ditferenccs of colour are permanent, and not to be con¬ 
founded witli changes which arc peculiar to certain temperatures : 
thus oxide of zinc is of a lemon-} ellow colour, Avhcii strongly heated, 
but milk-w'hite at a low' temperature; the oxide of mercury is mucli 
redder at a high than at a low temperature, and bicliromate of 
potash, which is naturally red, becomes almost black w'heii fused 
by heat. Even bodies in the gaseous state are liable to traiisicut 
changes of this kind, the brown nitrous fumes being nearly colourless 
below' zero, and on the other hand ileepetiing greatly in colour at a 
high temperature. 

The condition of f/lasa is a remarkable modification of the solid 
form assumed bv inunv bodies. Matter in this state is not 

•• c' 

crystallized, and on breaking, presents curved and n(.)t plain sur¬ 
faces, or its fracture, in miiun-alogical languagi^, is conehoidal, and 
Ti(A, sparry. The indisposition to crystallize, which causes solidifica¬ 
tion in the form of glas.s, is inon; reinai kabh^ in some bodies, sucb 
as pbosplioric and boracic acids, and their compounds, than in others. 
The biphosphate and binarseuiate of soda liave the closest resemblance 
in properties, yet when both are fused by a lamp, tlu! first solidifies 
on cooling into a transjiurent colourless glas.s, and the second into.a 
white opatpie mass composed of interlaced crystalline fibres. The 
phosphate at the same time discharges .sensibly less lioat than the 
arseniate in solidifying, retaining probably a portion of its heat of 
fluidity, or latent heat in a state of combination, while a glass. 
INone of the compounds of silicic acid and a single ba.se, such as 
soda or lime, or simple silicate, becomes a glass on cooling from a 
state of fusion, with the exception of the silicate of lead containing a 
great excess of oxide ; they all crystallize. Hut a mixture of the 
same silicates, when fused, exhibits a peculiar viscosity or tenacity. 
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appears to have lost the faculty of crystallizing^ and constantly forms 
a glass. The varieties of glass in common use are all such mixtures 
of silicates. Glass is sometimes devitrified when kept soft by heat 
for a long time, owing to the separation of the silicates from each 
other, and their crystallization; and the less mixed glasses are known 
to he most liable to this change. It is probable that all bodies differ, 
when in the vitreous and in the crystalline form, in the proportion of 
combined heat which they possess, as has been observed of melted 
sugar (page 45 ) in these two conditions. 

Arsenious acid, when fused or newly sublimed, appears as a 
transparent glass of a light yellow tint; but left to itself, it slowly 
becomes opaque and milk white, the change commencing at the 
surface and' advancing to the centre, and often requiring years to 
complete it, in a considerable mass. The arsenious acid is no longer 
vitreous, being changed into a multitude of little crystals, whence 
results its opacity; and it has altered slightly at the same time in 
density and in solul)ility. But the passage from the vitreous to the 
crystalline state may take place instantaneously, and gi^^e rise to an 
interesting phenomenon observed by H. Rose. The vitreous 
arsenious acid seems to dissolve in dilute and boiling hydrocldoric 
acid without change, but the solution on cooling deposits crystals 
which arc of the opaque acid, and a flash of light, which may be 
perceived in the dark, is emitted in the formation of eacli crj’stal. 
This phenomenon depends upon and indicates tlic transition, for it 
does not occur when arsenious acid already opatpie is substituted 
for vitreous acid, and dissolved and allowed to crystallize in the 
same manner. 

A still greater change than those described, is induced upon 
certain bodies by exposure to a high temperatiu’e, without any 
corresjionding cliango in thfir composition. Several metallic per¬ 
oxides, such as alumina, sescpiioxide of chromium and binoxide of 
tin, cease to be soluble in acids after being heated to redhess. Tlie 
same is true of a variety of salts, such as many phospliates, tungstates, 
antimoniates, and silicates. Many of these bodies contain water in 
combination, when most readily dissolved by acids, which constituent 
is dissipated at a high temperature, but in general before the los.s of 
solubility occurs, so that the contained water alone is not the cause 
of the solubility. Berzelius remarked an appearance often observable 
when such bodies are under the influence of heat, and in the act of 
passing from the soluble to the insoluble state. Tliey suddenly glow 
or become luminous, rising in temperature above the containing 
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vessel, from a discharge of heat. The rare mineral gadolinite, which 
is a silicate of yttria, affords a beautful example of this change. 
When heated it appears to bum, emits light, and becomes yellow, 
but undergoes no change in weight. Fluorspar, and many other 
crystalline substances, cxliibit a feeble phosphorescence when 
heated, which has no relation to this change, and is to be distin¬ 
guished from it. 

The circumstance most certain respecting this change in bodies, 
which affects so deeply their chemical properties, is that the bodies 
do not contain a quantity of heat, after the change, wliich they must 
have possessed before its occurrence in a combined or latent form. 
No ponderable constituent is lost, but there is this loss of heat. A 
change of arrangement of the particles, it is true, must occur at the 
same time in some of these bodies, such as is observed when sulphite 
of soda is convertechby heat into a mixture of sulphate of soda and 
sulphuret of sodium, without change of w'eight; but it would be 
difficult to apply an explanation of tliis nature to oxides, such as 
alumina and binoxide of tin, which contain only tw'o constituents, 
and still more so to an element such as carbon. The loss of heat 
observed will afford all the explanation necessarj’, if heat be admitted 
as a constituent of bodies equally essential as their ponderable 
elements. As the oxide of chromium possesses more combined heat 
when in the soluble than in the insoluble state, the first may justly 
be viewed as the higher caloride, and the body in question may have 
different proportions of this as w ell as of any other constituent. But 
it is to be regretted that our knowledge respecting heat as a con¬ 
stituent of bodies is extremely limited; the definite proportion in 
which it enters into ice and other solids in melting, and into steam 
and vapours, has been studied, and also the ])roportion emitted during 
the combustion of many bodies, w’hich has likewise proved to be 
definite. But the influence w^hich its addition or subtraction may 
have on the chemical properties of a body is at present entirely matter 
of conjecture. The phenomena under consideration seem to jequire 
the admission of heat as a true constituent which can modify tlie 
properties of bodies very considerably; otherwdse a great physical law 
must be abandoned, namely, that " no change of properties can occur 
without a change of composition.” But if heat be once admitted 
as a chemical constituent of bodies, then a solution of the present 
difficulties may be looked for, for nothing is more certain than that 
" a change in composition will account for any change in properties.” 
Heat thus combined in definite proportions with bodies, and viewed 
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as a coiistitueutj must not be confounded with the specific heat of 
the same bodies, or their capacity for sensible heat, which may have 
no relation to their combiiLed heat. 


SECTION VI. — ISOMEllISM. 

In such changes of properties as have already been described, the 
individuality of the body is never lost. But numerous instances 
have presented 'themselves of two or more bodies possessing the same 
composition, which are unquestionably different substances, and not 
mutually convertible into each other. Different bodies thus agreeing 
in composition, but differing in properties, are said to be isomeric, 
(from t<roc, equal, and p«poc, part), and their relation is termed iso¬ 
merism. The discovery of such bodies excitedjnuch interest, and 
they have received a considerable sliare of the attention of chemists. 
But the result of a careful study of tlie bodies associated by simi¬ 
larity of composition, though diilering in properties, has been upon 
the whole unfavourable to the doctrine of isomerism. Isomeric 
bodies have in general been proved by the progress of discovery to 
agree in the relative proportion of their constituents only, and to 
differ either in the aggregate number of the atoms composing them, 
or in the mode of arrangement of these atoms; and although new 
cases of isomerism are constantly arising, others are removed as they 
come to admit of explanation. 'Iliis is what was to be expected, 
for isomerism in the abstract is improbable; a difference in properties 
bdlween bodies, without a difference in their composition, appearing 
to be an effect without a sufficient cause. Hence, the term isomerism 
is now generally employed in a limited sense, to indicate simply the 
identity in composition of two or more bodies as expressed in the 
pro])ortiou of their constituents in 100 parts. Several classes of 
such isomeric bodies may be formed. 

The members of the most numerous class of isomeric bodies differ 
in atomic weight. Thus we know at present three gases, tliree or 
four liquids, and as many solids, which all consist exactly of carbon 
and hydrogen, in the proportion of one atom to one atom, or, in 
weight, of 86 parts of carbon and 14 of hydrogen, very nearly. These 
bodies agree in ultimate composition, but differ completely in every 
other respect. But a representation of the*r chemical constitution 
explains at once the cause of the differences they present, as is obvious 
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in the following formulse of four well characterized members of this 
isomeric group: — 

Equivalents and eombining measure. 

Olefiant gas . . C4 H4 or 4 volumes. 

Gas from oil . . . Cg Hg or 4 volumes. 

Naphthene. . . Cjg Hjg or 4 volumes. 

Cetene .... C32 H32 or 4 volumes. 

It thus appears tliat the atom of cetene contains twice as many atoms 
of carbon and hydrogen us the atom of naphthene, four times as 
many as the atom of the gas from oil, and eight times as many as 
tlie atom of olefiant gas; while as the atom of all these bodies 
affords the same measure of vapour, or four volumes, they must differ 
as much in density as they do in the number of their constituent 
atoms. It is not surjnising, therefore, that they all possess different 
and peculiar properfics. Several groups of bodies might be selected 
from the Table at page 140 , which have a similar relation to each 
other, the number of tlieir atoms being different, altliougli their 
relative proportion is the same : such as— 

Oil of lemons . . 0^^ 11^ 

Oil of turpentine . . . Iljg 

and. 

Naphthaline . . . . C20 Ilg 

Paranaphthaliue . . . Cgg H12 

A still more remarkable case is presented by alcohol and the etluT 
from W'ood-spirit, in wliich there is identity of condensation sis well sis 
of composition, with different equivalents. The vapours of these two 
liquids have in fact the same specific gravity, smd contstin, under ci(ual 
volumes, equal quantities of carbon, hythogen, smd oxygen. But we 
know that they are of a different type, alcohol being the hydrated 
oxide of ethyl, and ether of wood-spirit the oxide of mctliyl, so that 
their constitution and rational formulae are quite different:— 

Alcohol . . . C4 Hg O-pHO. 

Ether of wood-spirit . Cj H3 O. 

In another’"class of isomeric bodies, the atomic weight maybe 
equal, as well as the elementary composition. A pair belonging to 
this class are known, which coincide besides in the specific gravity 
of their vapours. The compo.sition and atom of both the formiate of 
the oxide of ethyl (formic ether) and the acetate of oxide of methyl. 
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may be represeiiieil by Cg Hg O 4 : the density of both their vapours 
is 3574 : and what is very remarkable, these bodies in their ordinary 
li((uid state almost coincide in properties, the density of formic ether 
being 0'916, and that pf the acetate of methylene 0'919, (density of 
water being =), while the first boils at 133°, and the last at 136-4°. 
]3nt whcn-act«d on by alkalies, tlieir products are entirely different, 
the one affording formic acid and alcohol, and the other acetic acid 
and wood-spirit. Each of the isomcnc bodies in question contains, 
indeed, two different binary com])ouuds, and their coiistitution is 
Iruly represented by different formula;:— 

Eormiate of oxide of etliyl . C 4 II 5 O + C 2 H 

Acetate of oxide of methyl . C 2 II 3 O + C^ ll-j 63 

in which the same atoms are sccai to b<; very diflV;rently arranged. 
The term tnetantrric has been applied to bodieai,so related. 

The last class of isomeric bodies are of the same atomic weights, 
but tlu'ir constitution or moh'cular arrangeinent being unknown, 
their isouierism cannot at present be explained. It can scarcely 
be doubted, however, that their molecular arrangement is really 
different. 

One pair of such isomeric bodies will illustrate the coincidences 
observed not at all unfrecpiently among organic substances. Tlie 
racemic and tart-aric acids, of which the. composition is the same, 
exhibit a similarity t)f properties, and a parallelism in their chemical 
cUar 5 ictcr.s, that are truly astonishing. These acids are found together 
in the grape of the Upper lihiiic. They differ considerably in solu- 
biliiy, the racemic being the leiist soluble, so that they may be sepa¬ 
rated from each oilier by crystallization; and the rsicemic acid 
contains an atom of water of crvstallization, \Ybieb is not found in 
the crystals of tartaric acid. They form salts which correspond very 
closely ill tb(‘ir solubiliiy and other properties, 'rhe bitartrate and 
biracematc of potash are both sparingly soluble salts : the tartrates 
uud laeematcs of lime, lead, and barytes, arc all alike, insoluble. 
Both aidds form a double salt with soda and auimoiiiu, wliicli is an 
unusual kind of combination. But what is most surprising, crystals 
of these double salts not only coincide in the proportion of their 
water and other constituents, and in the composition of their acids, 
but also in external form, having been observed by Mitscherlich to 
be isomoTphons. A nearer approach to identity could scarcely be 
conceived than is exhibited by these salts, which are, indeed, the 
same both in form and composition. The crystallized acids are both 
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modifietl in an unusual manner by heat, and form three classes 
of salts, as phosphoric acid does. The formnlffi of both acids in 
their ordinary class of salts is Cq Oj^ 4- two atoms of base (IVemy); 
but by no treatment can the one acid be transmuted into the other. 
Lastly, every organic acid produces a new acid by destructive dis¬ 
tillation, which is peculiar to it, and is termed its j>yr-a<Jid, Now 
racemic and tartaric acid, when destroyed by heat, agree in giving 
birth to one and the same pyr-acid. 

Tlie aliatropy of elements has been supposed to throw light upon 
the multiplication of series of comi)onnds arising from one radical, and 
the isomerism of certain compounds. l\ised sulphiur passes through 
several allatropic conditions as its temperature is raised, in which it 
is imagined that the equivalent of the clement may be doubled, tripled, 
and even quadrupled by a coalition of so many single atoms and the 
formation of compound atoms, winch are distinguished as o sulphur, 
fl sulphur, S sulphur, y sulphur, kc. in tlie different series of the 
oxygen acids of sulphur, containing one, two, three, and lour equiva¬ 
lents of t;id])hnr, the clifferent allatropic varieties of sulphur are 
imagined to exist. Siiicium in its combustible and incombustible 
allatropic conditions may thus give rise to different silicic acids, and 
allatropic borons and tungstens to the isomeric boric and tungstic- 
acids. 

SECTION VII.-ARRANGEMENT OP THE ELEMENTS IN COMPOUNDS. 

Tile names of some compounds imjily tliat tliey contain other com¬ 
pounds, and indicate a c*ertain atomic constitution, while the names 
of other compounds express no particular arrangement of their con¬ 
stituent atoms, but brave it to be inferred that tlic atoms arc all 
directly combined together. Thus sulphate of soda implies the con¬ 
tinued existence of sulphuric acdd and soda in the salt, wliilc nitric 
acid, or binoxide of hydrogen, supposes no partition of the compound 
to which it is applied. But it is to be remembered that the original 
framers of the nomenclature were guided more by facilities of an 
etymological nature, in constructing such terms, than by views of the 
constitution of comjiounds. 

Of a binary compound containing single atoms of its constituents, 
there cannot be two modes of rejireacnting the constitution; but where 
one of the constituents is present in the proportion of two or more 
atoms, several hypotheses can always he formed of their rnwle of ag- 
jg^gation. In a series of binary combinations of the same elements. 
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suck as that of nitrogen and oxygen, NOj, NO^, NO 3 , NO 4 , NO 5 , 
the simplest view has generally been taken, namely, that it is the 
elements themselves which unite. But in particular cases the chemist 
is often involuntarily led into another opinion. Thus binoxide of 
nitrogen is so often a product of the decomposition of nitric acid, that 
the acid appears more like a compound of that oxide of nitrogen with 
oxygen, than a compound of nitrogen itself with oxygen. When the 
binoxide of hydrogen was first discovered by Th 6 nard, he was led by. 
the whole train of its properties to view it as a compound of water 
and oxygen, into which it is resolved with so much facility, and to 
name it accordingly o;rffffeHated water, which it may be, and not a 
direct combination of hydrogen and oxygen; or its formula be 
IIO + O, and not HOg. The periodidc of potassium, and the other 
analogous compounds obtained by dissolving iodine in metallic iodides, 
were first termed ioduretted iodideft from similar considerations, and 
the hyposulphites, obtained by dissolving sulphur in sulphites, sul¬ 
phuretted sulphites. It may be doubted whether chemists would 
return with advantage to any of these expressions, the view's of com¬ 
position which they indicate being uncertain, and not offering a suf¬ 
ficient inducement to depart from the more systematic designations. 
The binoxide of hydrogen, for instance, may be easily resolved into 
w'ater and oxygen, not because w'ater pre-exists in it, but because 
watbr is a compound of groat stability, and is formed when binoxide 
of hydrogen is decomposed. Nitric acid, also, is as likely to be a 
corapouiul of quadoxide of nitrogen with an additional atom of oxygen, 
as of binoxide of nitrogen with three atoms of the same element. 

Certain compound bodies, however, have been observed to act the 
part of a simple body in combination, and can be? traced through a 
series of compounds. The following substances, for instance, may be 
represented with considerable })robability as compounds of carbonic 
oxide, as in the formuloc :— 

(^O, carbonic oxide. 

CO + 0, carbonic acid. 

CO + Cl, chloroxicarbpnic acid. 
aCO-fO, oxalic acid. 

Carbonic oxide is said to be the radie.al of this scries, a name 
applied to any compound which is capable of combining with simple 
bodies, as carbonic oxide a])pears to do with oxygen and chlorine in 
tlie.se compounds. Messrs, Liebig and Wohler first proved by decisive 
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experiments that such a radical exists in the benzoic combinations, 
which may be represented thus ;— 

Cj4 H5 Og-f-O, benzoic acid. 

Ci4 H5 O2+H, essential oil of bitter almonds. 

* C14 Hg O2 + CI, cldoride of benzoyl, &c. 

Cyanogen was the first recognised member of the class of compound 
radicals, of which the nun\ber known to chemists is constantly in¬ 
creasing, and wliich appear to pervade the whole compounds of 
organic chemistry. In combining with simple bodies, radicals act 
the part of other simple bodies, such as metals, chlorine, oxygen, &c. 
w liich they replace in compouiuls. 

With the elements themselves compound radicals may be divided 
into two great classes :— 

The Basyl class, consisting of metals the oxirles of Avhich arc 
bases, hv<lrogen, and the corresponding compound radicals, ammo¬ 
nium, ethyl, ike. These are electro-positive bodies. 

The saUrradieoi class—chlorine, sulphur,.oxygen, &c., with cya¬ 
nogen and other compound radicals which combine with metals and 
other members of the former class, and form salts or compounds 
}>artaking of the saline character. Such radicals are also termed 
mlor/eiift; they are electro-positive. 

Contititution o f salts —Of the supposed combinations of binary 
compounds with binary componruis, the most numerous and important 
class arc salts. JSvdphate' of soda is commonly viewed as a direct 
combination of sulpluiric acid and soda, each jireserving its projier 
nature in the compound; and so are all similar compounds of an acid 
oxide with a basic bkide. An oxygen add is allowed to e.vi.st in tlicm, 
and they are particularly distinguished as “ o.xygen-acid salts.” lint 
an opinion was promulgated long ago by Davy, tlial these salts might 
be constituted on the phm of the binary compounds of the ftnuier 
clas.s, and their liydratcd acids on tlic plan of a liydrogen acid ; a 
view which is SLi]>portcd by many analogies, and has latterly hud a 
j)icference ^ven to it by some of our leading chemical authoritie.s. 
It is, therefore, deserving of serious corisidi;ration. 

One class of acid.s, the hydrogen acids, and the salts which tliey 
produce witli alkalies, arc uucpiestioiiably binary compounds, and 
were, assumed by Davy as tlie types of acids and salts in 
general. Hydrochloric acid is composed of two element^, chlorine 
and hydrogcri, and witli soda it forms water and chloride of sodium, 
thus :— 
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Hydrochloric 


Soda 


I Oxygen 
’ I Sodium 


Water, 

Chloride of sodium. 


the hydrogen of the acid being replaced by sodium in the salt forined. 
Hydrocyanic is another hydrogen acid^ of which cyanide of sodium is 
a salt. In general terms, a radical (which may be either simple or 
compound, like chlorine or cyanogen) forms an acid with hydrogen, 
and a salt mth sodium or any otlicr metal. 

Hydrated sulphuric acid, which consists of sulphuric acid and an 
atom of water, HO + SO3, is represented as a hydrogen acid by 
transferring the oxygen of the water to the sulphuric acid to form a 
new radical, SO4, which is supposed to be in direct combination with 
the remaining atom of liydiogcn, as 114 - SO4. In sulphate of soda, 
the oxygen of the soda is in the same manner transferred to the acid, 
or the formula of the salt is changed from Na0 + S03 to Na + S04. 
To SO4, the salt-radical laf sulphates, tlie name mtlj^hion has been 
applied, from the circumstance that, in the voltaic decomposition of a 
sulphate, SO4 travels to the positive pole, and the metal or hydrogen 
to the negative pole. Its com})oinids, or the sulphates, become 
snlj)hionidcs. The hydrated acid and its soda salt are thus named 
and denoted on the two views of their constitution— 


I. ON THE ACID TlIEOllY : 

Hydrated sulphuric acid, sulphate of oxide of 

hydrogen, or hydric sulphate . . • IIO + SO3 

Suljdiate of soda, sul]>hate of oxide of sodium, 

or soda sulphate ; . . • * • NaO + SOa 

II- ON THE SALT-KADICAL THEOllY : 

Sulphionide of hydrogen . . . . II + SO4 

Sulphionide of sodium ..... Ka4-S04 

whicli last formula; are strictly comparable with those of an admitted 
hydrogen acid and its salt^ such as— 

Hydrochloric acid or cliloridc of hydrogen H + Cl 

Chloride of sodium . . . • Na-fCl 

or as— 

Hydrocyanic acid or cyanide of hydrogen . Il-fCaN 

Cyanide of sodium ..... Na + C^N 
which thus appem* compounds of t hree different radicals, chlorine (Cl), 



188 • ARUANGEMENT OF THE ELEMENTS IN COMPOUNDS. 

cyanogen (CaN), and sulphion (SO4), with the same elementary 
bodies, hydrogen and sodium. Sulphion is known only in combina¬ 
tion, and has not been obtained in a separate state like chlorine and 
cyanogen. The body, sulphuric acid, SO3, which may be separated 
from some sulphates, and can ‘exist by itself, is looked upon as a 
product of the decomposition of these salts, and not to pre-exist in 
them, so that a secondary character is assigned to it. 

Hydrated nitric acid, or ac|ua fortis, becomes a hydrogen acid by 
the creation of a nitrate radical, nitration. It is the nitrationide of 
hydrogen instead of the nitrate of water— 

H-f NOg, instead of IIO + NO5. 

The nitrate of potash becomes tlie nitrationide of potassium, and so 
of all other nitrates. The existence of nitration is hypothetical, as it 
has mot been insulated; but, in this respect, it is not situated other¬ 
wise than nitric acid itself, which cannot be exhibited in a separate 
state, and is believed to be capable of existing ordy in a state of 
combination. 

It is evident that the same view is applicable to hydrated oxygen 
acids in general, which may be made hydrogen acids, by assuming 
the existence of a new salt-radical for each, containing an atom more 
of oxygen than the oxygen acid itself, and capable of combining 
directly with hydrogen and the metals. The class of oxygen acid 
salts is thus abolished, and they become binary compounds like the 
chlorides and cyanides. Even oxygen acids themselves can no longer 
be recognized. It is not sulphuric acid (SO3), but what was formerly 
viewed as its compound with water, that is the acid, and it is a 
hydrogen acid. The properties which characteri/.e acids are un¬ 
doubtedly only observed in the hydrates of the oxygen acids. Thus 
the anhydrous sulphuric acid does not redden litmus, and exhibits a 
disposition to combine with salts, such as chloride of potassium and 
sulphate of potash, rather than with bases. The liquid carbonic mad 
has little affinity for water, does not combine directly with lime, but 
disstolves in alcohol, ether, and esscjitial oils, like certain neutral 
bodies. It is only when associated with water that the bodies re¬ 
ferred to*exhibit acid properties, and then liydrogen acids may be 
produced. 

On this view, it is obvious that the acid and salt are really bodies 
of the same constitution, hydrochloric acid being tlie chloride of 
hydrogen, as common salt is the chloride of sodium, and sulphuric 
acid and sulphate of soda being the sulphionides of hytlrogen and,of 
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soditim. The acid reaction and sour taste are not peculiar to the 
hydrogen compound, and do not separate it from the others ; the 
chloride, sulphionide, and nitrationide of copper being nearly as acid 
and corrosive as the chloride, sulphionide, and nitrationide of hydro¬ 
gen, and clearly bodies of the same character and composition : they 
are all equally salts in constitution. The term acid'' is not abso¬ 
lutely required for any class of bodies included in the theory, and 
might, therefore, be dropped, if it were not that an inconvenience 
would be felt in having no common name for such bodies as anhy¬ 
drous sulphuric acid SO3, anhydrous nitric acid NOg, sulphurous 
acid SO.2, carbonic acid CO^, &c. To these substances, which first 
bore the name, it should now be confined. In considering the 
generation of salts, tliree orders of bodies would be admitted, as in 
the following tabular exposition of a few examples : — 


I. 

11. 

III. 

The Acid, 

'I'lic Salt-radical. 

The Salt. 

SO3 

. . SO4 

SO4 -t- H or a metal. 

NOg 

. . NOfi . . 

NOg + H or a metal 


NC, . . 

NC2+ H or a metal. 


Cl . . 

Cl +11 or a metal. 


The first term of the series, or " the acid,” is wanting in the last two 
examples; and that is the peculiarity of those bodies whicli consti- 
tnte<l the original class of hydrogen acids and their salts : while, to 
the old cltiss of oxygen acid salts, both an acid and a salt-radical can 
be assigned, as in the first two examples. 

The pecnliar advantages of the salt-radical theory are— 

First: That, instead of two, it makes but one great class of salts, 
assimilating in constitution bodies which certainly resemble each other 
in properties. Chloride of sodium and sulphate of soda are both 
neutral, and possess a common cliaractcr, nliich is that of a soda salt; 
but they are separated widely from each other on the view of their 
constitution which is expressed in their names. 

Secondly : It accounts for a remarkable law which is observed in 
the construction of salts ; namely, that bases always combine with as 
many atoms of acid ns they themselves contain of oxygen; a protoxide, 
which contains one atom of oxygen, combining and forming a neutral 
salt with one atom of an oxygen acid; while an oxide which contains 
two atoms of oxygen to one of metal, like binoxide of palladium, 
forms a neutral salt with two atoms of acid; and an oxide of three 
atoms of oxygen to two of metal, like sesquioxide of iron, forms a 



190 


AllUANOEMENT OF TtflS KLKMRNTS IN COMPOUNDS. 


neutral salt with three atoms of acid. Tlic acid and oxygen arc thus 
always together in the exact proportion to form tlie salt-radical, there 
being always an atom of oxygen for every atom of acid in the salt. 
This will appear more distinctly in the following formnlai, which 
exhibit the composition of the neutral sulphates of a metal in four 
difterent states of oxidation, an atom of metal being represented 
by E:— 

FORMUL.^i; OF NEUTRAL SULPJIATES. 


Ab roiisistiug of 
Oxide .iiid Acid. 


EO+SO 3 

EaO-f-SOa 


As consisting of Metal 
and Salt-radical. 

. . R-I-SO4 . . 

. . R^-fSO^ . . 


RO2+2SO3 


R-t-2S04 . . 


R^Oa-f 3SOg 


Rg + 3 SO 4 


as in sulphate of sotla. 
as in sulpliate of .sub¬ 
oxide of mercury, 
as in sulphate of biii- 
oxidc of palladium, 
as in sidphatc of sesqui- 
oxidc of iron. 


The acid is seen in the first column to be always in the proper pro¬ 
portion to form a sulphioiiide of the metal in the second column; 
and these sulphionides correspond exactly uitli known chloridt's, such 
ns R Cl, R2 Cl, R CI2, Rj CI3. 

Thirdly; It offers a more simple and jdiilosophical explana¬ 
tion of the action of certain metals upon acid solutions, and of the 
decomposition of such solutions in «)ther circumstances. Thus wheti 
zinc is introduced into hydrochloric acid (chloride of hydrogen), it 
is allowed on both views, that the metal simply displaces the 
liydrogeii which is evolved, and that chloride of zinc is formed 
in the place of chloride of hydrogen. In the same way, when zinc 
is introduced into diluted sulphuric acid, which contains the 
sulphiouide of hydrogen on the binary theory, hydrogen is simply 
displaced and evolved as before, and the sulphiouide of zinc is formed 
in the place of the sulphionide of hydrogen. The metal in f{nestion 
appears to be incapable of decomposing pure water by displacing its 
hydrogen at the temperature of the air; but this fact does not 
interfere with the preceding explanation, as zinc may have a greater 
affinity for sulphion than for oxygen, and, therefore, be capable of 
decomposing the sulphionide, but not the oxide of hydrogen. If the 
acid solution, however, contains sulphate of water, as it does on the 
old view, then zinc does and does not decompose water; decom¬ 
posing it when in combination, but not when free. It becomes 
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necessary to nasuinc that the presence of the acid enhances the 
aflinity qji’ the metal for the oxygen of the water, in a 
manner which cannot be clearly explained; for the solubility of 
oxide of zinc in the acid, to which the influcncer of the acid is often 
ascribed, accounts for the continuance of the action, by providing 
for the removal qf the oxide, rather than for its first commencement, 
'riio phenomena of the decomposition of an acid solution in the 
voltaic circle, are also most simply explained on the salt-radical 
theory. Oxide of hydrogen and sulphionide of hydrogen, are both 
binary electrolytes,^^ wdiich are decomposed in the voltaic circle in 
the same manner, although not with equal facility ; the common 
<‘lcmeut, liydrogen, proceeding from both to the negative electrode, 
and oxygen in the one case and snlphion in the other to the positive 
tdcctrode. Tlie sulphion finds \va(er tliere, and resolves itself into 
sul])hionidc of hydrogen and free oxygen. Tlie decomposition of 
the snl])liioni(le of sodium or any other salt may be explained in the 
same simple manner; wliile on the other view, it must be assumed 
that a simultaneous transference bedween the (dertrotles of acid and 
alkali with the oxygen and hydrogen of water takes place; and the 
ofhxd. of tlie acifl in promoting the decomposition of tlie water 
remains unaccounted for. 

When a metallic oxide is dissolved in an acid solution, as oxide of 
zinc in diluted sulphuric acid, the reaction which occurs is tlnis 
('xj)lained on the binary ilicory : 


Sul[)hionide off Hydrogen 
hydrogen . I Sulphioji 

Oxide of zinc. | 


Winter. 


>.Sulphionide of zinc 


as in the reaction between the same oxide and hydrochloric aeiil 
(page 187 ). 

'The chief objections to the salt-ra<Ucal theory, are— 

L^irst: The creation of so many hypothetical radicals ; namely, one 
for every class of oxygen-acid salts. But it is to be remembered 
tliat the great proportion of oxygen acids, such as nitric, acetic, 
oxalic, &c. are equally of an ideal character, and cannot be exhibited 
in a sepiiratc state. 

Secondly : Tim peculiarities of the salts of phosphoric acid which 
are supposed to be inimical to the new view. That acid forms 
thrtxi different and independent classes of salts, containing respec¬ 
tively one, two, and three, equivalents of base to one of acid. ( 3 ii 
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the binary theory, these three classes of salts must coutaiu three 
different salt-radicals, combined respectively with one, ^ two, and 
three equivalents of hydrogen or metal. The three phosphates of 
water and the corresponding phosphionides of hydrogen would be 
represented as follows :— 

I. II. III. 

HO-1-PO5 . . 2HO4-PO5 . . bHO + POg 

H + POg . . 211 +PO7 . . SH + POg 

Such salt-radicals and such compounds with hydrogen startle us, from 
their novelty, but it may be questioned whether they are really more 
singular than the anormal classes of phosphates, containing several 
equivalents of base, for w hich they are substituted, but which we have 
been more accustomed to contemplate. All the salt-radicals known 
in a separate state, such as chlorine and cyanogen, combine with one 
equivalent only of hydrogen, or ai’e monobacylous, but it would be 
unfair to assume in the jjrcsent imperfect state of our knowledge 
that other salt-radicals may not exist, capable of combining with two 
or three equivalents of hydrogen, as the phospliate-radicals are sup¬ 
posed to do. The existence of at least one such radical is highly 
probable, as will afterwards appear. 

In conclusion, it mav be stated that neither view of the constitu- 
tion of the oxygen-acid salts, (which alone are affected by this dis¬ 
cussion), rests on demonstrative evidence; they are both hypotheses, 
and are both capable of explaining all the phenomena of the salts. 
But to whichever of them a speculative preference is given, we can 
scarcely avoid using the language of the acid theory, in the present 
state of chemical science. 

Without deciding definitively in favour of one or other of the 
rival theories, it is well to keep in view that the great class of salts 
includes compounds which differ essentially in their capacity of 
analytical decomposition. A certain number of salts contain salt- 
radicals which can be isolated, others oxygen-acids which can be 
isolated, while others have yet affprded neither salt-radical nor acid 
in a separate state. Hence, they may be classed as— 

1 . Salts of isolable salt-radicals: chlorides, cyanides, sulpho- 
cyanides, &c. 

2 . Salts of isolable acids : sulphates, carbonates, &c. 

3 . Salts which contain neither an isolable salt-radical nor an 
isolable acid : nitrates, acetates, hyposulphites, &c. Even admitting 
that all salts have the same constitution, the capability of breaking 
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up in such different ways must affect their modes of decomposition 
in different circumstances^ and produce differences in properties 
which render such distinctions important. 

It has become farther necessary to recognize three classes of 
oxygen-acid salts, wliich in the language of the acid theory contain 
one, two, and three equivalents of base to one of acid. 

1 . Monobasic salts .—The great proportion of acids, such as 
sulphuric, nitric, &c. neutralize but one equivalent of base, or more 
correctly combine in the proportion of one equivalent of acid to each 
equivalent of oxygen in the base, and form, therefore, monohmio 
salts. (Sec formulae of the neutral sulphates, page 190 .) But this 
is not inconsistent with an acid forming two series of salts with the 
same base or class of isomorphous bases. Thus there appear to be 
two well-marked classes of sulphates of the magnesian oxides, which 
agree in having one equivalent of base, but differ essentially in the 
proportions of combined water which they affect. In one series the 
sulphate^is combined with one, three, five, or seven equivalents of 
water. Copperas (a sulphate of iron), Ej)som salt (a sulphate of 
magnesia), blue vitriol (a sulphate of copper), and most of the well- 
known magnesian sulphates, belong to this class, whicli may be called 
the copperas class of sulphates. All the members of it are very so- 

• luble in water, and form double salts with sulphate of potash. The 
other series affect two, four, and six equivalents of water. They are 
less known, but appear to be of sparing solubility, and to be incapable 
of forming double salts wutli sulphate of potash. Gypsum or sul¬ 
phate of lime belongs to this class, which may, therefore, be called 
the gypsmn class of magnesian sulphates. Sulphate of iron is said 
to crystallize from solution in sulphuric acid with two equivalents 
of water, witli the crystalline form and sparing solubility of gypsum. 
Dr. Kane obtained a sulphate of copper with four equivalents of 
water, by exposing ilic anhydrous salt to the vapour of hydrochloric 
acid, which appears to be the second term in this series j and Mit- 
scherlich still maintains llie existence of a peculiar sulpliate of mag¬ 
nesia containing six equivalents of water of crystallization, which 
will constitute the third term. It is evident that the cause of such 
double classes of salts is as deeply seated as that of dimorphism, and 
hence, possibly, the magnesian sulphate itself, which exists in the 
two classses, is not the same in its constitution with reference to 
heat. ' > 

2 . Bibasic salts .—^That cl^s of phosphates which received the 
name of pyrophosphates, was the first in which one equivalent of 

o 
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acid was found to neutralize two equivalents of base; their formulse 
being PO5. The classes of tartrates and racemates which 

have long been known to chemists, are also bibasic salts. It is the 
character of a bibasic acid to unite at once with two different bases 
of the same natural family, which accounts for the formation of 
Rochelle salt, the tartrate of potash and soda, of which the formida 
is KO, Na O + Cs !H4 Ojo* It has also been shown that gallic acid 
is bibasic, the gallate of lead being thus composed: 2Pb O + H O3. 
Now if we attempt to make this a monobasic salt by ^viding 
the equivalents both in base and acid by two, an equivalent of gallic 
acid would come to contain half an equivalent of hydrogen, which 
Liebig considers as conclusive against the division of its atomic 
weight. Itaconic, comenic, euclironic, fuhninic, and several other 
organic bibasic acids, might be named. The compound ^ids formed 
by the union of two others, and called copulated acids, such as hypo- 
sulphobenzoic acid, are usually of tliis class. 

3 . Tribasic salts, — Tlie tribasic phosphates of the formula 
3 RO, POg, have likewise proved to be the type of a class of salts. One 
equivalent of arsenic acid neutralizes tliree equivalents of base; so, 
it is probable, does one atom of phosphorous acid. Tannic acid also 
saturates three atoms of base, the formula of the tannate of lead being 
SPbO + CjQ Hg Og (Liebig). There is the same necessity to admit that 
citric acid is tribasic, and the formula of a citrate SRO+Cig Hg On, 
as there is to allow that gallic acid is bibasic. Most of the citrates 
contain tvro equivalents of fixed base and one of water, but the citrate 
of silver contains three equivalents of oxide of silver. Cyanuric, 
meconic, camphoric, and several other organic acids, are tribasic. 

Two of the three atoms of base in tliis class of salts may be dif¬ 
ferent, as is observed in certain citrates, cyanurates, and phosphates, 
or the whole tliree may be different, as in the phosphate called 
microcosmic salt, wliich contains at once soda, oxide of ammonium, 
and water as bases*. Two or more of the bases may likewise be iso- 
moTphous, or at least belong to the same natural family as soda and 
oxide of ammonium, water, and magnesia. 

Salts usually denominated Subsalts ,—The preceding classes of 
salts, and many other bodies also, are capable of combining with a 
certain proportion of water, generally vaguely spoken of as water of 
crystallization. The compounds of the present class appear to be 

* Inquiries respecting the Constitution of Salts; of oxalates, nitrates, phospliatcs, 
sulphates, and chlorides. Phil. Trans. 1837, page 47. 
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salts which have assumed a fixed metalKo oxide in the place of this 
water. They may, therefore, be truly neutral in composition, the 
excess of oxide not standing in the relation of base to the acid. It 
appears that the formulae of the nitrates named are as follows:— 


Nitrateof water (acidofsp. gr. 1 *42) 
Nitrate of copper (prismatic) 
Nitrate of copper (rhomboidal) 
Subnitrate of copper 


HO, NOg + SHO. 

CuO, NOg+SHO. 

CuO, NOs + 6 HO. 

Cu O, NOs+3(Cu O, HO). 


I have distinguished as constitutional the three atoms of water which 
exist in these and aU the magnesian nitrates, and which are replaced 
by three atoms of hydrated oxide of copper in the subnitrate of copper, 
which is therefore a nitrate of copper, with the addition of con¬ 
stitutional (not basic) oxide of copper; a view which is expressed by 
the arrangement of the symbols in its formula. 

The subnitrates of zinc and lead, and probably also those of nickel 
and cobalt, have a similar composition (Gerhardt). A similar corre¬ 
spondence is observed between the crystallized neutral sulphate of 
copper, and the subsulphate of copper, containing four equivalents 
of oxide of copper, and five of water to one of acid:— 

Sulphate of copper, CuO, SO 3 , HO •+ 4HO. 

Subsulphate of copper, CuO, SO 3 , (CuO, HO) -f 2 (CuO, HO) 4 - 2 HO. 

Three equivalents of water in the neutral salt appear to be replaced 
by three equivalents of hydrated oxide of copper in the subsalt. The 
remaining 2110 of the latter salt are expelled by a moderate heat, 
while the other 4 HO in combination with oxide of copper, are 
extricated by a much higher temperature, and their separation 
attended by a palpable decomposition of the salt, as it affords a 
portion of soluble neutral salt afterwards to water. The remark is 
made by M. Gerhardt, that the number of such sqbsalts is greatly 
exaggerated, which is quite in accordance with my own observations; 
few salts combining with an excess of oxide in more than one or two 
proportions. Most subsalts are entirely insoluble in water, but when 
they possess a certain degree of solubility, they may afford other 
analogous subsalts by double decomposition. Thus a solution of 
bisubnitrate of lead, PbO, NOg+PbO, HO, on the addition of neu¬ 
tral chromate of potash allows the red bisubchromate of lead, PbO, 
CrOg-bPbO, to precipitate. M. Gerhardt, who observed this fact, 
considers that it assimilates the nitrates and pyrophosphates, and 
indicates that the latter are ordinary subsalts. But this is really a 
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coincidence of small importance, while nitric acid affords no bibasic 
hydrate, nor a bibasic salt of soda, as pliosphoric acid does. 

Water, oxide of copper, oxide of lead, and the hydrates of these 
metallic oxides, appear to be the bodies most disposed .to attach 
themselves to salts in this manner. The strong alkalies, potash and 
soda, are never found in such a relation, or discharging any other 
function than that of base to the acid of the suit. Tlicse views of 
subsalts, in wduch their constitutional neutrality is preserved, have*. 
been extended to organic compounds. Many neutral organic bodies 
appear to be capable of combining with metallic oxides, particularly 
with oxide of lead—such as sugar, ainidin, dextrin, orcin, and they 
generally combine with several atoms of the oxide. Thus in the 
compound of orcin and oxide of lead, O3 -1 5 PbO, the orcin 

is combined with five atoms of constitutional oxide of lead, which 
actually replace five atoms of constitutional water, wliich orcin in its 
ordinary state contains. 

Constitutional water is sometimes replaced by a salt, which never 
happens with basic water. TJius cane sugar may be represented as 
C.. H„ 0 „, or rather H22 O22; of which one atom of water 
may be replaced by chloride of .sodium, and the compound formed, 
C24 H21 Ogi + NaCl. It is to be observed that constitutional water 
is superadded to a salt, and such an element is removed and replaced 
without affecting the structure of tin; body to which it is attached. 
The replacing substance may also be a compound of a very difterent 
character from w'ater; for besides metallic oxides and salts, ammonia 
and certain anhydrous acids appear to he capable of attaching them¬ 
selves to .salts, in the same manner as constitutional water. 

A different view of the constitution of sub.salt.'^ is advocated by 
M. Millon, who assumes the existence of poly-atomic bases, or that 
two, three, four, and even six equivalents of water or a metallic oxide, 
may together coijstitute a, single e([ui valent of base, and unite as such 
with a single equivalent of acid to form a neutral salt.* 

Salts of the type of red chromate of potash .—Several salts unite 
with anhydrous acids. Thus both chloride of sodium and chloride 
of potassium absorb and combine with two atoms of anhydrous sul¬ 
phuric acid without decorapo.sition, when exposed to the vapour of 
that substance. Sulphate of potasli also combines with one atom of 
anhydrous sulphuric acid. All these ■ compounds are destroyed by 
water. But the red chromate of jmtash, generally called bichromate 


* Annales cte Chimie et dc Physique, xviii. 333. 
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of potash, which consists of chromate of potash together with one 
atom of cliromic acid, is possessed of greater stability, as is likewise 
the compound of cldoride of sodium or pbiassiura with two atoms of 
chromic acid. Another compound containing one atom of potash 
and three atoms of cliromic acid, known as the terchromate of potash, 
may be viewed as a combination of chromate of potash with two 
atoms of chromic acid, and represented by KO, CrOg -f 2Cr03. The 
bichromate of potash will then be KO, CrOg + Cr03, and the chromate 
containing chloride of potavssium, KCl+2Cr03. The biniodate of 
potash (iodate of water and potash) may be rendered anhydrous, and, 
when so, is a salt of the same class. 

Double ftaltft. —Salts combine with each other, but by no means 
indiscriminately. With a few exceptions, which may be placed out 
of consideration for the present, the combining salts have always the 
same acid—sulphates combining with suljihates, chlorides with 
chlorides. Their bases or their metals, however, must belong to 
ditferent natural families. Thus it may bo cpiestioried whether a salt 
of potash ever combines witli a salt of soda, certainly never with 
a salt of ammonia. Salts of the numerous metals including hydrogen, 
belonging to the magnesian family, do not combine together. Thus 
sulphate of magnesia does not form a double salt witli snljihate 
of lime, with snlpliate of zinc, or with sidphat’c of water; while on 
the other hand salts of this family arc much disposed to combine 
with salts of the potassium family—sulphate of soda, for instance, 
forming double salts with sulphate of lime, sul])]iate of zinc, and sul¬ 
phate of water. We have thus the means of distinguishing bet ween 
a double salt, and the salt of u bibasic or tribasic acid. The bisul¬ 
phate and binoxalate of potash saturated with soda, form sulphates 
and oxalates of jiotash and soila, which seiiarate from each other by 
crystallization, although the acid salts are thoniselvcs double salts of 
water and potasli. But the acid fulminate of silver, or the acid 
tartrate of potash (bitartrate), affords only one salt when saturated 
with soda, in wliich isomorphous bases exist, and which, therefore, 
is a salt of one acid, and not a compound of two salts. Tlie great 
proportion of tlic salts which are Jiamed sujier, acid and ^«-salts, 
contain a salt of water, and are double salts—such as the supcrcar- 
bonatc of soda (IIO, CO^-f-NaO, CO.^), the bisulphatc of potash 
(HO, SO3 + KO, SO3), and the bimicetate of soda; but a few of them 
arc bibasic or tribasic sail s, containing one or two atoms of water as 
base—such as the salt called biiartratc of potash, or biphosphate 
of potash (2HO, KO + PO5-). 

Tfom tliese observations must be excepted double salts formed by 
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fusion, and many salts formed in highly acid solutions, which are 
scarcely limited in vEuriety of composition; carbonate of potash fusing 
with the carbonate or sulphate of soda, and sulphate of baryta 
crystallizing in combination with sulphate of water, from solution 
in sulphuric acid. Such salts are decomposed by water, and are 
oiherwise deficient in stability, compared with the^ soluble double 
salts, to which alone the preceding remarks apply. 

There is no parallelism between the constitution of a double salt 
and that of a simple salt itself, or foundation for the statements 
which are sometimes made, that one of the salts which compose a 
double salt has the relation to the other of an acid to a base, aiid 
that one salt is electro-negative to the other. The resolution of 
a double salt into its constituent salts by electricity, has never been 
exhibited, and is not to be expected, from what is known of 
electrolytic action; while no analogy whatever subsists between 
a double salt and a simple salt on the binary view of the constitu¬ 
tion of the latter. Besides, the supposed analogy is destroyed by 
what is known of the derivation of double salts. Sulphate of 
magnesia acquires an atom of sulphate of potash in the place of an 
atom of water, wliich is strongly attached to it, in becoming the 
double sulphate of magnesia and potash. In the same way, the 
sulphate of water has an atom of water also replaced by sulphate of 
potash, in becoming the bisulphate of potash; relations which 
appear in the rational formulse of these salts : 

• • • 

Sulphate of magnesia .... Mg S (H) + fill 

Sulphate of magnesia and potash . . Mg S (K S) -f 6H 

Sulphate of water (acid of sp. gr. 1 . 78 ) . H S (H) 

Bisulphate of potash , . . . II S (K S) 

It thus appears that a provision exists in sulphate of magnesia 
itself for the formation of a double salt, and that the molecular 
structure is unaltered, notwithstanding the assumption of the sul¬ 
phate of potash as a constituent. The derivation of the acid oxalates 
likewise throws much light on the nature of double salts. The 
oxalate of potash contains an atom of constitutional water, which is 
replaced by hydrated oxalic acid (the crystallized oxalate of water), 
in the formation of the hinoxalate of potash (double oxalate of potash 
and water), or by the oxalate of copper in the formation of the double 
oxalate of potash and copper, as exhibited in the following formulre, 
in which the replacing substances are enclosed in brackets to mark 
iiib as before: 
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O^Lelate of potash . , K CC, (H) 

Binoxalate of potash . . K CC, (H CC Hg) 

^ • ••§ « 

Oxalate of potash and copper K CC, (Cu CC Hg) 

Now the anomalous salt, qnadroxalate of potash, is derived in the 
same way from the binoxalate, as the binoxalate itself is derived 
from the neutral oxalate, two atoms of water being displaced by two 
atoms of hydrated oxalic acid, thus ; 

Binoxalate of potash . K CC, H CC, ( 2 H) 

QuadroxaJate of potash . K CC, HOC, (aHCCHg) 

These examples illustrate the derivation of double salts by 
substitution. The structure of the salts, too, exemplifies wliat 
may .be called consecutive combination. The basis of the last 
mentioned salt, for instance, is oxalate of potash, which is in direct 
combination with oxalate of water. A compound body is thus 
produced which seems to unite as a whole with two atoms of 
hydrated oxalic acid. Tliis is very different from the direct com¬ 
bination of all the elements which compose the salt. 

In the formation of many other classes of double salts, no substi¬ 
tution is observed, but simply the attachment of two salts together, 
often of an anhydrous with a hydrated salt, in which case the last often 
carries its combined water along with it, and sometimes acquires an 
additional proportion. Thus in the formula of the double chloride of 
potassium and copper, K Cl-|-Cu Cl, 2 HO, the formulm of its consti¬ 
tuent salts reappear without alteration; and in that of alum, sulphate 
of potash is found with the hydrated sulphate of alumina annexed, 
of which the water is increased from eighteen to twenty-four atoms. 
In these and all other double salts, the characters of the constituent 
salts are very little affected by their state of union. If one of 
them has an acid reaction, like sulphate of alumina or chloride of 
copper, it retains thq same character in combination j and notliing 
resembling a mutual neutralization of the salts by each other is ever 
observed. No heat is evolved in their formation. (Memoirs of the 
Chemical Society, ii. 51 ). 

The compounds of chlorides with chlorides, and of iodides with 
iodides, are numerous, and were viewed by Bonsdorf as simple salts, 
in which one of the chlorides is the acid, and the other the base. 
But such an opinion can no longer be entertained, the chlorides 
themselves being unquestionably lalts, and their compounds, there¬ 
fore, double salts. 
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The combinations of such salts with each other as contain 
different aoids are not so well imderstood, the theory of their forma¬ 
tion having hitherto been little attended to. They are in general 
decomposed by water, and easily, if the solubility of one of their 
constituents is considerable, as is observed of the compounds of 

iodate of soda witli one and with two proportions of cliloride of 

sodium, of the biniodate of potash with the sulphate of potash, 
of the oxalate of lime with the chloride of calcium. 

The compound cyanides, which form a considerable class of 
salts, must be excepted from all the preceding general statements 
in regard to double salts. Cyanides of the same family combine 
together, as cyanide of iron with cyanide of hydrogen j the com¬ 
pound cyanide also generally consists of three and not of two simple 
cyanides ; and lastly, the properties of compound cyanides are very 
different from those of the simple cyanides which are supposed to 

compose them. Tlie simple cyanide of potassium, for instance, is 

liigldy poisonous, while the double cyanide of potassium and iron 
is as mild in its action upon the animal economy as sidphate of soda. 
But the compound cyanides may be removed from the class of double 
salts, on a speculative view of their constitution which’their anomalous 
character led me to propose. It is to be premised that the supposed 
double proto-cyanide of iron and potassium (yellow prussiate of 
potash) affords no hydrocyanic acid whatever when distilled with an 
excess of sulphuric acid at a temperature not exceeding 100°; which 
suggests the idea that it does not contain cyanides or cyanogen. 
Assuming the existence of a new compound radical, Ng Cg, which 
has three times the atomic Aveight of cyanogen, and may be called 
prnssine, and Avhich is also tribast/lous or capable of combining with 
three atoms of hydrogen or metal, like the radical of the tribasic 
class of phosphates, then the compound cyanides assume a constitu¬ 
tion of extreme simplicity. We have one atom of prussinc combined 
always with three atoms of hydrogen or metal in the following salts; 
in the proto-cyanide of iron and potassium with one of iron and two 
of potassium; in the compound called fcrro-cyanic acid, with one 
of iron and two of hydrogen; in Mosandcr's salts, with one of iron, 
one of potassium and one of barium, calcium, &c.; with two of iron 
and one of potassium in the salt which precipitates on distilling the 
yellow prussiate of potash with sulphuric acid at 212°. To many of 
these, parallel combinations might be adduced from the tribasic 
phosphates. Prussides likewise combine together, producing double 
prussides, such as * 
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Percyanide of iron and potas¬ 
sium (redprussiateof potash) Pcj, Ng Cg+Kg, Ng Cg 
Prussian blue . . . re2, Ng Cg+Pcg, Ng Cg 

Basic Prussian blue . . Pe^, Ng Cg+Fcg, Ng Cg-fPcg Og 

Formation of mlts hy substitution .—Chemists have come to 
pronounce less decidedly on theories of the constitution of salts and 
the arrangement of elements in these and other compounds, since 
their attention has been fixed upon the formation of compounds, by 
tlie substitution of one element for another, without injury to the 
original form or type, and often to give a preference to empirical over 
rational formulae, while their opinions on chemical constitution were 
suspended. The elementary composition of oil of vitriol, or the 
hydric sulphate, is expressed by SO^ H j the sulphate type, and other 
neutral sulphates, are formed by replacing the hydrogen by a metal; 
the zinc sulphate, SO4 Zn; the soda sulphate, SO4 Na. M. Gerhardt, 
assuming as a law that the equivalent of all compound bodies gives 
two volumes of vapour, divides tlic equivalents of the following 
elements by two—nitrogen, phosphorus, clilorine, hydrogen, and all 
the metals; and is thereby enabled to construct substitution formulae, 
wliich arc often remarkable for their simplicity. This will appear in 
the following selected formulae :— 


Poumuljk by M. Geiihaudt. 


(0=8, S=16 j the other symbols — iuilf the usual equivalents.') 


Hydric nitrate. 
Magnesia nitrate 
Potash nitrate . 

Hydric sulphate ^ 
Magnesia sulphate 
Potash sulphate 
Potash bisulphate 


I. NITttATES, 

. NO4 H 
. NO 4 Mg 
. NO4 K 

II. SULPHATES. 

SO4 H2 

SO 4 Mg2 
S04 K2 
SO 4 KH 


Monobasylous 

salts. 


Bibasylous salts. 


III. TKIBASIO PHOSPHATES. 


Hydric phosphate 
Subphosphatc of soda 
Phosphate of soda 
Biphosphatc of soda. 


PO 4 Hg \ 
PO4 Nag ( 

P 04 Na 2 n j 
P04Na HaJ 


Tribasylous salts. 
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' The preceding groups sure ayiiQd>olized without any division of the 
equivalents used; but Oerhardt departs from this practice, when 
necessary, in the unitary system of notation which ‘ he recom¬ 
mends :— 

Anhydrous alum .... SO^ (K, Al,) 

■T « 

Pyrophosphate of soda . . . PO^ (N^a) 

Subphosphate of soda + HO . . PO^ (Na, H) 

Although a rational formula, strictly speaking, expresses no more 
than a decomposition,—^and the rational formuhe of a compound 
may truly, therefore, be as numerous as the modes of decomposition 
of which it is susceptible,—still much would undoubtedly be lost by 
abandoning such formube for formulae which are entirely empirical; 
unless, indeed, it is found that the uniform practice of exhibiting the 
leading constituent, in the proportion of a single equivalent, should 
bring together different bodies under common formulae, which are 
types of useful classification, as M. Gerhardt maintains. 

Saits of Ammonia, —^Ammonia is a gaseous compound of one 
equivalent of nitrogen and three of hydrogen, of which the solution 
in water is caustic and alkaline, and wliich neutralizes acids perfectly, 
as potash and soda do. But all its oxygen-acid salts contain, besides 
ammonia, an equivalent of water which is essential to them, and 
inseparable without the destruction of the salt; and with this 
additional constituent they are isomorphous with the salts of potash. 
Hydro-chloric acid also unites with ammonia without losing its 
hydrogen, and the compound or hydrochlorate of ammonia, wliich is 
isomorphous with the cliloride of potassium, contains, therefore, an 
equivalent of hydrogen, besides chlorine and ammonia. On the now 
generally received theory of these salts, the ammonia with this hydrogen, 
or that of the water in the oxygen-acid salts, constitutes a hypothe¬ 
tical h^y\,ammonium (NH4), to which allusion has already been made 
as being isomorphous with potassium. This ifiew of the constitution 
of the salts of ammonia will be made obvious by a few examples:— 

ON THE AMHONIUM TUEOBY. 

Hydrochlorate of ammonia, HN,, HCl ... Chloride of ammonium, NH^, Cl 
Sulphate of ammonia, NH,, HO, SO, ... Sulphate of oxide of ammonium, NH^ O, SO, 
Nitrate of ammonia, NH, HO, NO^. ... Nitrate of oxide of ammonium, NH 4 O, NO, 

The application of this theory to the compounds of ammonia with 
hydrosulphuric acid and sulphur is partieularly felicitous. These 
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compounds may be thus represented^ and placed in oomparibon with 
their potassium analogues, NH4 being equivalent to K 


Sulphide of ammonium 

KH4 

S 

KS 

Sulphide of ammonium and hy¬ 




drogen (bihydrosulpliate of 




ammonia) . . 


S, HS 

KS, HS 

Tritosulphide of ammonium 

NH4 

S3 

KS3 

Peiitasulphide of ammonium 

NH4 

S5 

KS. 


Ammonium is supposed to present itself in a tangible form, and in 
possession of metallic characters, in the formation of what is called 
the ammoniacal amalgam. When mercury alloyed with one per 
cent, of sodium is poured into a saturated cold solution of sal ammo¬ 
niac (chloride of ammonium), it undergoes a prodigious increase 
of bulk, expanding sometimes from one volume to two hundred 
volumes, without becoming in the least degree vesicular, and acquir¬ 
ing a butyraceous consistence, while its metallic lustre is not im¬ 
paired. A small addition is at the same time made to its weight, 
estimated at from 1 part in 2000 to 1 in 10,000, which certainly 
consists of ammonia and hydrogen in the proportions of ammonium. 
The sodium, it is supposed, combines with the chlorine of chloride 
of ammonium, and the liberated ammonium with mercury, so that 
the metallic product is an amalgam of ammonium. It speedily re¬ 
volves itself again spontaneously into running mercury, ammonia, 
and hydrogen, unless the temperature be reduced so far as to freeze 
it. After all, however, neither isolation nor the metallic character is 
essential to ammonium as an alkaline radical, other basyls being now 
admitted, such as ethyl and benzoyl, which have no claim to such 
characters. 

Othcir classes of ammoniacal salts may be formed in which the 
fourth equivalent of hydrogen in ammonium is replaced by a metal 
of the magnesian family,—by copper in particular, which most 
resembles hydrogen. ^Tius anhydrous oliloride of copper absorbs a 
single equivalent of ammonia with great avidity and the evolution of 
much heat, which cannot afterwards be separated from it by the 
agency of heat. The compound appears to be strictly analogqus to 
chloride of ammonium, but contains an equivalent of copper in the 
place of hydrogen. Its formula is NH3 Cu, Cl, and it may be named 
the chloride of cuprammonium. This salt and many others are 
likewise capable of combining with more ammonia, which is retained 
loss strongly, and has the relation of constitutional water to the salt. 
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The constitution of these combinations will be more minutely con¬ 
sidered in other parts of the work. 

Amidogen and amides. —^The existence of another compound of 
nitrogen and liydrogen (NHg), containing an equivalent less of hy¬ 
drogen than ammonia^ is recognised in an important scries of saline 
compounds, although it has not been isolated. These compounds 
are called amides , and hence the name amidogen applied to their 
radical. When potassium is heated in ammoniacal gas, the metal is 
converted into a fusible green matter, which is the amide of potassium, 
while an equivalent of hydrogen is diseiig-uged. Amidogen exists also 
in the wliite precipitate of mercury formed on adding ammonia to 
corrosive sublimate, the product being a double chloride and amide 
of mercury (Ilg Cl-f Hg Nllg). 

Amides arc produced in an interesting way, by tlie abstraction of 
the elements of water from compounds of ammonia with oxygi'ii 
acids. Thus, on decomposing oxalate of ammonia by heat, the acid 
losing a j)roportion of oxygen, and tlic ammonia a pro|X)ition of 
hydrogen, o.vamide sublimes, which consists of A']l 2 + 2CO. When 
ammoniacal gas and anhydrous sulphuric acid vapour arc mixed 
together, a saline substance is produced which dissolves in water, 
but is not sulphate of ammonia, the solution alTording no indications 
of sul^diuric acid. It is believed to be a hydrated sulphamide, or <o 
be constituted thus, NII 2 , SO^ + liO; a compound whicli itwdll be 
observed contains neither ammonia nor sulphuric acid. Similar 
products result from the action of ammonia tm dry carbonic acid 
and all the other anhydrous oxygen salts. The difreronce between 
these compounds ajid tlic true sjdts of amimmia affords an argument 
in favour of the ammonium theory of the latter. 


ANTITHETIC Oil POLAR FORMULA:. 

Formulm for compounds may be constr®3ted to exhibit tlie 
.attraction of the ultimate elements for each other without involving 
any contested theory of the constitution of compounds, and which 
indeed might supersede the consideration of such view s, were it not 
that the nomenclature, which it would be inconvenient to jJtcr 
greatly, is founded upon the latter. A certain amount of information 
is given in the ordinary formulae, by the arrangement of the symbols, 
the symbol of the basylous or positive constituent being placed before 
the symbol of the halogenous or negative constituent, as in 110 for 
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water, SO3 for sulphuric acid. To carry out tliis principle farther, 
and make its application more perspicuous, I have suggested the 
writing of a formula in two lines, placing all the negative constituents 
in the upper, and the positive in the lower line :— 


o o O3 . N 

Potash . . - Water . . - Sulphuric acid - Ammonia . . - 

K H s • n, 

N O 2 O 3 O 

Cyanogen . - Olefiant gas . - Carbonic oxide - Hydric oxalate -- 

Cg C^ ^31 

From their construction these formulae are named antithetic, the two 
orders of constituents being placed opposite or against each other; 
or polar, from cxliibiting the opposite attractive forces of the elements. 
Several decompositions already referred to, and others, may be made 
more intelligible by tlieir aid. 

Decomposition of ammoniacal salts .—In the decomposition of 
oxalate of ammonia and formation of oxamide, the change consists in 
the abstraction of two equivalents of water from the constituents of 
ilie salt: the formula? being— 

N O O., O2 N O2 

Oxalate of ammonia-^-=-oxamide. 

1131102 112 11,02 


Tlie interesting observation lias lately been made by M. Dumas, that 
by distillation witli anhydrous phosphoric acid, four equivalents of 
ivater are separated from oxalate of ammonia, and cj^anogen formed. 
Supposing that the fonnatiou of oxamide precedes this last decom¬ 
position, we have— 


Oxamide 


N 0, 

H2O2 


O2 

112 


N 

= — cyanogen. 
O2 


It is seen, that althougli we cannot say that water exists cither in 
oxalate of ammonia or in oxamide, still 40 is negative and 411 posi¬ 
tive in the first of these substances, and 20 negative with 2H positive 
in the second tlic relation which these elements bear to each other 
in water. The polar relation of these elements, therefore, does not 
require to be subverted, when they are led to unite and take thfc form 
of water, under the influence of the attraction of phosphoric acid for 
that oxide. It is manifestly a law of decomposition that those de¬ 
compositions take place most readily which permit the elements to 
continue in their original polar condition and position in the formula;; 
the explanation being, that such decompositions are promoted by the 
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peeu^ attractions of the ultimate elments for each other as th^ 
exist in the original compound ; or the compound molecule is broken 
up in the direction in which it naturally divides. 

The decomposition by phosphoric acid of other salts of ammonia 
coiitaiaing acids rdated to the alcohols, illustrates the same constancy 
of polar relation in the elements before and after the change. Thus, 
formiate of ammonia gives hydrocyanic acid by the abstraction of 
four equivalents of water;— 

N OHO3 O4 NH 

Formiate of ammonia-=- hydrocyanic acid. 

H3H Gj Ca ^ 

Here the hydrogen of hydrocyanic Acid is represented as negative, 
and it can certainly be replaced by clilorine, a negative element, and 
the chloride of cyanogen formed :— 

NH . NCI 

Hydrocyanic acid . . - Chloride of cyanogen . - 

Cj Cj 

With a metallic oxide, however, hydrocyanic acid gives a cyanide, 
and then the hydrogen appears positive— 

N . . N 

Hydrocyanic acid . . - Cyanide of silver . 

Call Ca Ag 

But hydrocyanic acid is in the lowest degree feeble in its powers as 
an acid, or as cyanide of hydrogen, and its hydrogen appears to be 
just on the limit between the basylous and halogenous character and 
position. 

Acetate of ammonia distilled with phosphoric acid also loses four 
equivalents of water, like all the ammoniacal salts in question, and 
gives the cyanide of methyl 


N OO3H3 O4 HallN 

Acetate of ammonia-=- 

H3H C4 H4 Ca Ca 


cyanide of 
methyl. 


The chloracetate of ammonia in losing 4 HO gives a liquid body 
of th^ composition C4CI3N :— 

NOO3CI3 O4 CI2CIN 

Chloracetate of ammonia — 

H3H C4 H4 Ca C2 

Here the single negative H of hydrocyanic acid is also under the 
positive attraction of the C^ of the hydrocarbon, C, H3, a cross 
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attraction^ which fonns a bond of union between the hydrocyanic acid 
and hydrocarbon^ and supports the equilibrium. 

W/i^ is ammonia a hose ?—Of ammonia and hydrochloric acid 
the antithetic fonnulse are— 


N 

H, 


and 


a 

h" 


There can be little doubt but that when these bodies are united, 
the highly negative cldorine shares, or assumes entiri^, the positive 
attraction of the third equivalent of hydrogen in ammonia, which 
there is reason to beUeve is less powerfully attracted or neutralized 
by the negative nitrogen than the other two equivalents of hydrogen. 
We thus obtain the following formula;— 


Hydrochlorate of ammonia 


N a 

hTi; 


Now the acid character of hydrocldoric acid, which is neutralized 
in the salt, depends upon the former substance being a compound 
in which a powerful salt-radical, chlorine, is united with a weak 
basyl, hydrogen. With a powerful basyl, such as potassium, chlorine 
gives a neutral salt, the cliloride of potassium. But it is probable 
that the subchloride of hydrogen, HaCl, if it could exist in a separate 
state, would be an equally neutral salt, for hydrogen belongs to the 
magnesian class of elements, two atoms of which appear to oe equi¬ 
valent to one atom of the potassium class, or H^Cl to be equivalent 
to KCl, and possibly isomorphous with it. One atom of nitrogen 
there are also grounds for beheving to be equivalent in composition 


N 

to two atoms of oxygen, or N= 20 . Hence the compound ;jj-has 

JX2 

a character of saturation, or polar neutralization, like or two 

H2 

equivalents of water. In ammonia, therefore, the tliird'basylous 
atom of hydrogen may well be considered as unsaturated, and to be 
what imparts a basylous or positive character and activity to the com¬ 
pound. In metallic oxides which are bases, we have also the positive 
property of Jthe metal imperfectly saturated by the weak negative 
body oxygen, and the positive attraction therefore in excess. 

In the oxygen acids, on the contrary, there is an excess of negative 
attraction from the predominance of the oxygen element, and it is 
remarkable that in the more powerful acids, such as sulphuric, nitric, 
and chloric, one equivalent of this oxygen is but feebly united, and 
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its negative attraction free to act, like the. positive attraction of the 
third equivalent of hydrogen in ammonia. Hence ammonia and 
anhydrous sulphuric acid readily combine :— 

N O Oa N O O2 
hTh S “ Ha H S 

Prom the action of the affiinties exhibited in the last formula, a 
stable equilibrium results j but it is not intended to express thai. 
amidogen, water, and sulphurous acid, exist ready formed in the 
compound. Indeed, in no case do the formulic express actual for¬ 
mation of subordinate compounds, or anything more than what arc 
considered to be the predominating set of attractions among all the 
possible attractions which the elements have for each other, and all 
of wliich they continue to exert in some degree. 

In sulphate of oxide of ammonium, the aflinities of equilibrium 
are those of the elements of amidogen, suboxidc of hydrogen, and 
sulphuric acid:— 

Constitnents of Sulphate of Ammonia. Siitplmte of Ammonia. 

N O O3 _ N O O3 

H^ ir S“ “ Ha 11“^ 

In this and all the other oxygen-acid salts of ammonia, the highly 
alkaliflte oxide H2O appears, and constitutes the point of attachmctii 
for the acid. Other sources of stability in the sulphate of ammonia 
are—first, the attraction of N for its third atom of hydrogen, which 
is never entirely relinquished, although the latter is more under the 
influence of the O of the water; and, secondly, the attraction of the 
O3 of the sulphuric acid for the basylous Hg: for these cross 
attractions prevent the division of the compound into subordinate 
compounds under the influence of the predominating affinities first 
enumerated. Tliis salt may be taken as a fair example of the assumt;d 
mode of formation of compounds, in which the. affinities of the 
elementary atoms only are operative, to tlie entire exclusion of the 
affinities usually assigned to subordinate groups of elements acting 
as compound radicals or quasi-elcments. 

Why are arsenic and j)hos]}horic acids trihasic '}—Phosphoric 
acid, PO5, may be considered, from its properties and mode of for¬ 
mation, as phosphorous acid, PO3 -f two equivalents of oxygen less 
strongly combined; and in the same way, arsenic acid. As O5, as 
arsenious acid. As 0 .j + two equivalents of oxygen. Now, when 
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united with a base, which we shall suppose a metallic protoxide, RO, 
these two surplus equivalents of oxygen in the phosphoric acid, added 
to the single equivalent of oxygen in the base, convert an equivalent 
of the latter into an acid of the formula RO3. Two more equivalents 
of base are required—one to neutralize this RO3, and the other to 
neutralize the phosphorous acid, PO3; making three equivalents of 
base to every single equivalent of phosphoric acid. The general 
formula for a so-called tribasic phosphate is, therefore— 


Phosphate 


O O3 

R R 


+ 


O O3 

R P 


and resembles a double sulphate, RO, SO3 + RO, SO3. 


Tribasic subphospliatc of lime ( 3 Ca (!), PO5) 


O Q3 O O3 
Ca Ca Ca P 


Phosphoric acid appears farther to have the power, when heated 
strongly, of assuming the two equivalents of oxygen referred to into 
a more intimate state of combination, possibly with the loss of a 
portion of combined heat, and give.s the class of monobasic meta- 
pliospliates. The general formula of a meta])hosphate is— 


Metaphosphate . 


R P 


A pyrophosphate, or so-called bibasic phosphate, is, on thisrview, 
a compound of a common phosphate and metapliosphate :— 


Pyrophosphate 


0 O3 O O3 O O5 

R R R P R P 


Hence the equivalent of a pyrophosphate contains four equivalents of 
base and two of phosphoric acid—the reason why so many double 
pyrophosphates appear to exist. 

Phosphoric acid is thus supposed to resemble those conjugate 
organic acids wdiich combine with two equivalents of base, because 
they possess the elements of twm different acids. 


ATOMIC VOLUME OF SOLID BODIES. 

Since the existence of simple relations between the combining 
•volumes of gaseous bodies w'as ascertained by Gay-Lussac, various 
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attempts have been made to establish similar relations between the 
measnreSj as well as the weights, in which bodies, in the liquid and 
solid form, enter into combination. If the atoms of all elements 
had, in the solid form, the same bulk, their specific gravities would 
be regulated by their atomic freights, and be in the same proportion. 
It was early observed by M. Dumas, that a close approximation to 
this simple ratio holds among the specific gravities of a considerable 
number of isoraorphous bodies; but it is by no means general. The 
subject lias received its fullest investigation from Professor Schroedcr 
of Mannheim,* Dr. Hermann Koppf of Giessen, and Messrs. Playfair 
and Joule. J Much information has been collected, and many curious 
relations in the specific gravities of particular bodies pointed out; 
but the general deductions drawn can, in general, claim only a certain 
degree of probability. Much of the uncertainty arises from the 
specific gravity of a body in the solid form being often variable be¬ 
tween rather wide limits. Thus platinum, in a pulverulent state, 
reduced from its oxide and from the double chloride of platinum and 
ammonium respectively, is found to have the specific gravity 17 *7 66 
in the first case, and 21 '200 in the second, (Playfair and Joule); 
and the effect of compression upon the malleable metals is generally 
very sensible. As the rate of dilatation of different solids and liquids 
by heat is very dissimilar, it is obvious their relations in density may 
also be disturbed or disguised by temperature. 

At present, I shall confine myself to a summary of the results of 
M. Kopp on this subject, which partake least of a speculative cha¬ 
racter. The atomic volume, which I substitute for the specific 
volume of Dr. Kopp, in the following tables, is the volume or measure 
of an equivalent or atomic proportion of the different substances 
enumerated. The calculated density is obtained by dividing the 
atomic weight by this volume. Thus an equivalent of mercury, 1266 
parts by weight, has the volume 93 assigned to it. Now 1266 , 
divided by 93 , gives 13*6 as the calculatedspecific gravity, 
which coincides with the specific gravity of mercury actually observed 


* Die Molecularvolume der chcmischen Verbindungca im feslen and iluBsigen Zustande; 
Mannhdm, 1843. 

f Bemerkangen zor Volumtheorie, Braunschweig, 1844; Annales de Chimie et de 
Physique, 2e Scr. T. Ixxv. and 3e Ser. T. iv. p, 462. 

t Memoirs of the Chemical Society of London, vol. ii. p,. 401; vol. iii. pp. 57 and 199. 
Also, a paper on the Constitution of Aqueous Solutions of Acids and Alkalies, by Mr. 
J. J. Griffin; ihid. p. 135. 



ATOMIC VOLUME OF SOLID BODIES 


211 


by Kupffer and others. The atomic volume for oxygen will after¬ 
wards appear to be 16 , or a multiple of that number, and is the 
modulus of the scale. 


Table I. 

Atomic Volume and Specijic Gravity of Elements. 


Substances. 

'i-a 

IS 

S? 

•S a 2 

'll 

^ & 

a w 

Observed Specific Gravity. 

Antimony... 

Sb 

H 

120 

6-72 

6‘70 Karsten; 6-6 Breithnupt; 6-86 Mus- 
chcnbroeck. 

Arsenic . 

As 


80 

5-87 

5-70, 5'9G Guibourt; 5‘62 Karsten; 5-67 
llcrapath. 

Bismuth ... 

Bi 


135 

9-85 

9-88 Thcnard; 2'83 llerapath; 9-65 Karsten. 

Bromine ... 

Br 

48‘) 

160 

306 

2-99 Loewig; 2-97 Balard. 

Cadmium ... 

Cd 

697 

SI 

800 

8-66 llcrapath; 8-63 Karsten, Kopp; 8-60 
Stromeyer. 

Chlorine ... 

Cl 

221 

160 

1-38 

1-33 Faraday. 

Chromium.. 

Cr 

352 

69 

6-10 

5‘10 ThoiUHOii. 

Cobalt . 

Co 

369 

44 

8-39 

8-49 Brunner; 8-51 Berz.; 8'71 Lampadius. 

Copper . 

Cu 

396 

44 

900 

8-96 Berzelius; 9-00 Muscheiib,; 8'72 Kar¬ 
st eu. 

Cyanopfcn ... 

Cy 

165 

160 

103 

About O'O Faraday. 

Gold. 

All 

1243 

65 

191 

19-26 Brissoii. 

Iridium. 

Ir 

1233 

57 

216 

19-5 Mohs; 23-5 Breithaupt. 

Iodine . 

I 

789 

160 

4-93 

4-95 Gay-Lussac. 

Iron. 

Fe 

339 

44 

7-70 

7'6, 7*8 Broliug; 7'79 Karsten. 

Lead. 

Pb 

1294 

114 

11-35 

11-33 Kupffer; 11-39 Karsten; 11'35 Hem- 
path. 

Manganese.. 

Mn 

846 

44 

7-86 

8 03 Baclnnann ; 8 01 John. 

Mercury .,. 

Hk 


93 

13-6 

13 6 Kiipfler, Karsten, Cavallo. 

Molybdenum 

Mo 


69 

8-68 

8 62, 8 64 Bucholz. 

Nickel . 

Ni 

370 

44 

8-41 

8-40 Tourle ; 8-38 Tupputi; 8 60 Brunner. 
Native; 19-5 (?) Thcnard. 

Osmium ... 

Os 

1244 

57 

21-8 

rollndium... 

Pd 

666 

57 

11*7 

11‘3 WoUaston; 12‘1 Lowry. 

Phosphorus. 

P 

196 

111 

1-77 

1'77 Berzelius. 

riatinum ... 

Pt 

1233 

57 

21-6 

21-OBorda; 21-5 Berzelius; 23'5 (?) Cloud. 

Potassium... 

K 


583 

0-84 

0 86 Gay-Lussac, Thcnard; 0’87 Sementini. 

Rhodium ... 

R 


67 

11-4 

11-0 Wollaston; 11-2 Cloud. 

Selenium ... 

Sc 

495 

115 

4-30 

4-30, 4-32 Berzelius; 4'31 Boullay. 

Silver . 

Ag 

1352 

130 

10-4 

10-4 Karsten. 

Sodium. 

Na 

291 

292 

0-99 

0'97 Gny-Liissac and Thcnard. 

Sulphur ... 

S 


101 

1 99 

1'99, 2-06 Karsten ; 1-99 Breithaupt. 

Tin . 

St 

735 

101 

7 28 

7*28 Herapath -, 7‘29 Kupffer, Karsten. 

Titanium ... 

T 

304 

57 

5-33 

5*3 WoUaston: 5'28 Karsten. 

Tungsten ... 
Zinc . 

W 

1183 

69 

171 

17-2 Allan and Aiken; 17'4 Bucholz. 

Zn 

403 

58 

6-95 

6-92 Karsten ; 6 86, 7‘21 Berzelius. 


It will be observed that certain analogous substances possess the 
same atomic volume;—bromine, chlorine, cyanogen, and iodinej 
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chromium, molybdenum, and tungsten; cobalt, copper, iron, man¬ 
ganese, and nickel; iridium, osmium, palladium, platinum, and 
rhodium. 

There are also analogous substances of wliich the atomic volume 
of one is double that of the other. The volume of an equivalent of 
silver is double that of gold, and the volume of potassium double 
that of sodium. 

"When a substance enters into combination, it either occupies its 
own volume, or assumes a new volume, which last may remain con¬ 
stant through a class of compounds. Hence the volumes in the 
preceding table are described as the primitive atomic volumes. The 
metals enumerated possess the following atomic volumes in their 




• 

Atomic Volume in Salts. 

Ammonium 

* m 

• 

. 218 

Barium 

1 • 

• 

. 143 

Calcium 

■ « 


. ‘ 60 

Magnesium 

k • 


. 40 

Potassium . 

• 


. 234 

Sodium 

« 

■ 

. 130 

Strontium . 

« 

. 

. 108 

M 


The other metals are supposed to retain their primitive volumes in 
combination. 

Tn explaining the atomic volume of carbonates, it is supposed by 
Dr. Kopp that the salt-radical CO3 enters into its combinations with 
the atomic volume 151 . 

In the nitrates, the salt-radical NOg is supposed to have the atomic 
volume 358 . 

In one class of sulphates, SO4 is supposed to have the atomic 
volume 236 ; in another, the atomic volume 186 . 

In the chromates, the atomic volume of Cr04 is 228 ; and, in the 
tungstates, that of WO4 is 244 . 

The atomic volume of chlorine is 196 in one class of • chlorides, 
and 245 in another. 

On combining the atomic volumes of the metals contained in the 
salts witli these suppositions for their salt-radicals, the atomic volume 
of the compound is obtained, and the following calculated specific 
gravities:— 
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Table II. 

Atomic Volume and Specijic Gravity of Salts. 

CARBONATES. 


Carbonates. 

Atomic 

Weight. 

Formula. 

Calculated 

Atomic Volume, 'g* 

Observed 

Specific Gravity. 

Cadmium. 

1073 

Cd + CO, 

81 + 151 = 232 

4-63 

4'42IIerapathj 4‘49K. 

Iron. 

715 

Fe + COg 

144 + 151 = 196 

3-67 

3-83 Mohs ; 3-87 







Naumaim. 

Load . 

1670 

Pb + CO3 

114 + 151 = 265 

6-30 

6'43 Karsten ; 0‘47 







Breithaupt. 

Mauganesc ... 

722 

JVTil Hh 00 ^ 

44 + 151 = 195 

3'70 

3-55, 3-59 Mohs. 

Silver . 

1728 

Ag + CO., 

130 + 151 = 281 

615 

6 08 Karsten. 

Zinc. 

779 

Zn + CO.3 

58 + 151 = 209 

3-73 

4'44 Mohs ; 4'4, 4'5 






Naumann. 

Baryta. 

1233 

Ba+COa 

143 + 151 = 294 

4-19 

4'30 Karsten ; 4'24 






Breithaupt ; 4’30 
Mohs. 








'Arragonitc 3‘00 







Breithaupt ; 2'93 

Lime . 

632 

Ca Hr COg 

60 + 151 = 211 

300 


Alohs. 

Calc, spar 2.70 







Karsten; 2'72Beu- 
dant. 

Magnesia. 

534 

Mg+COg 

40 + 151 = 191 

2-80 

2‘81 Breithaupt ; 

- 




^3 00, 3-11 Mohs; 
2-88, 2-97 Naum. 


Potash. 

866 

K + CO3 

234 + 151=385 

2-25 

2‘26 Karsten. 

Soda . 

6(57 

Na + COo 

130 + 151 = 281 

2-37 

2'47 Karsten. 

Strontia . 

923 

Sr+CO„ 1 108 + 151 = 259 

rMg+COg Ho + loll _ 

1 Ca+CO., 00 + 151 j 

3-56 

3-60 Mohs ; 3-62 K. 

Dolomite. 

1106 

2-90 

2'88 Mohs. 

Mesiline, . 

4- 

1250 1 

Mg+COg 
^ Fc+COg 

40 + 151 g 

[44 + 151 j 

3-24 

3'33 Mohs. 


NITRATES. 


Nitrates. 

Atomic 

Weight. 

Formula. 

Calculated 
Atomic Volume. 

(hdeu- 

latcd 

Sp.Gr. 

Observed Specific Gravity.- 

Lead . 

2071 

Pb + NOg 

114 + 358=472 

4-40 

4‘40 Karsten; 4"77Broit- 
haupt; 4'34 Kopp. 

Silver. 

2129 

Ag + NO„ 

130 + 358 = 488 

4-30 

4'36 Karsten. 

Ammonia ... 

1004 

Am + NOfl 

218 + 358 = 576 

1-74 

1-74 Kopp. 

Baryta . 

1634 

Ba + NOfl 

143 + 368 = 501 

3-20 

3'19 Karsten. 

Potash . 

1267 

K + NOg 

234 + 368 = 592 

214 

2T0 Karst. ; 2 06 Kopp. 

Soda . 

1068 

Na + NOg 

130 + 358=488 

219 

2‘ 19 Marx ; 2“20 Kopp ; 
2‘26 Karsten. 

Strontia. 

1324 

Sr + NOg 

108 + 358=460 

2-84 

2'89 Karsten. 
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SULPHATES; FIRST CLASS. 


Sulphates. 

Atomic 

Weight. 

Formula, 

Calculated 
Atomic Volume. 

Calcu-^ 

lated 

Sp.Gr. 

Observed 

Specific Gravity. 

Copper . 


Cu+ SO 4 

44+ 236 ===280 

3-56 

3'53 Karsteu. 

Silver . 

1953 

Ag+ SO 4 

130 + 236=366 

5-34 1 

5'34 Karsteu. 

Zinc. 


Zn+ SO 4 

58 + 236 = 294 

3-42 

3-40 Karsteu. 

Lime . 

857 

Ca+ SO 4 

60 + 236 = 296 

2-901 

2-96.Naumann; 2-93 
Karsteu. 

Magnesia. 

759 

Mg+ SO^ 

40 + 236 = 276 

2-75 

2*61 Karsteu. 

Soda . 

892 

Na+ SO^ 

130 + 236 = 366 

2-44 

2-46 Mohs; 2-63 K. 


SULPHATES : SECOND CLASS. 


Sulphates. ! 

Aloniic 

Weight. 

1 

' *Fonnuhv- 

Calculated 
Atomic Vohmie. 

Calcu¬ 

lated 

Sp.Gr. 

Observed 

Specific Gravity. 

Lead . 

1895 

Pb + SO 4 

114+ 186 = 300 

6-32 

6-30Mohs;6-17 Karst. 

Barj'ta. 

1458 

Ra + SO^ 

143+ 186 = 329 

4-43 

4’45 Mohs; 4-20 Karst. 

Potash. 

1091 

K + SO., 



2'62Karst.; 2-66 Kopp. 

Stroutia . 

1118 

Sr + SO^ 

108+ 186 = 294 


3-95 Breithaupt; 3 "59 
Karsteu. 


CHROMATES AND TUNGSTATES. 


ClIROyTES 

tun^i^Les. 

1 ! 

Formula. 

1 

Calculated | 

Atomic Volume. ' 

Calcu¬ 

lated 

Sp.Gr. 

1 

Observed 

Specific Gravity. 

Lead . 

1 

... ; 2046 ! 

, Pb + CrO^ 

114+ 228 = 342 

6-98 

5-95 Breithaupt; 6-00 
Mohs. 

Potash. 

... i 1241 

K + CrO., 

234+ 228=462 

2-69 

204Karst.; 2-70Kopp. 

Lead . 

... • 2877 

Pb + WO., 

11.4+ 244 = 358 

8-04 

8 0 Gmel.; 8-1 Lconh. 

Lime . 

... 1 1839 ; 
1 ! 

Ca + WO., 

1 60+ 244 = 304 

6 05 : 

6-04Kars.; 6-03Meiss. 


CifLORIDES : FIRST CLASS. 


Chlorides. 

A tomic 
Weight. 

Formula. 

Calculated 
Atomic Volume. 

Calcu¬ 

lated 

Sp.Gr. 

Observed 

Specific Gravity. 

Lead . 

1736 

Pb+ Cl 

114+ 196 = 310 


6-68, 6-80 Karsteu; 
B-24, 5-34 Mouro, 

Silver . 

1794 

Ag + Cl 



5-50, .5-67 Kars.; 6-55 
Boiil.; 6-13 Herap. 

Barium . 

1299 

Ba + a 

143+ 196 = 339 

3-83 

3-86 Boul.; 3-70 Kars. 

Sodium . 

733 

Na + Cl 

130+ 196 = 326 

2-23 

2-20 Mohs; 2-15 Kopp; 
2-08 Karsteu. 
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CHLORIDES: second class. 


Chlorides. 

Atomic 

Weight. 

Formula. 

Calculated 
Atomic Volume. 

Calcu¬ 

lated 

Sp.Gr. 

Observed 

Specific Gravity. 

Copper . 

C 

1234 

2Cu+ Cl 

88 + 245 = 333 

3-70 

3‘68 Karsten. 

1708 

Hg+ Cl 

93+ 245 = 338 

5-05 

B'14Grael.; 5’43Boul.; 

Mercury ... ■< 

2974 

2Hg+ Cl 

186+ 246=431 

0-90 

5'40 Karsten. 

6'99 Karst. •, 6'71 He- 

i 




rapatb; 7*14 Boul. 

Ammomim... 

669 

Am+ Cl 

218+ 245=463 

1-44 







Kopp; 1*53 Mohs. 

Calcium 

698 

Ca+ Cl 


2-29 

2-21,2-27 Boul.; 1-92 






Karsten. 

Potassium ... 

932 

R+ Cl 

234+ 245=479 

1-94 

1-94 Kopp; l'92Karst. 

Strontium ... 

989 

Sn+ Cl 

108+ 245 = 353 

2-80 

2 80 Karsten. 


In explaining the specific gravity of oxides, it is necessary to make 
three assumptions for the specific volume of oxygen. In the first 
small class of oxides, t he oxygen is contained with the atomic volume 
16; in the second and large class, with the atomic volume 32; and, 
in the tliird class, with the atomic volume 61. The metals are sup¬ 
posed to retain their primitive atomic volumes. 


Table III. 

Atomic Volume and Specific Gravity of Oxides^ 

FIRST CLASS. 


Oxides. 

Atomic 

Weight. 

Formul.n. 

Calculated 
Atomic Volume. 

Calcu¬ 

lated 

Sp.Gr. 

1 

Observed Specific Gravity. 

Aiilimoiiy ... 
Chromium ... 
Tin. 

S' 

1006 

1003 

935 

Sb + 20 
2Cr+30 
Sn+20 

120 + 32 = 154 
138 + 48 = 186 
101 + 32 = 133 

6-53 

5*39 

703 

G'SSBoullay; 6‘70Karst. 
6'21 Wohler. 

6‘96 Mobs; 6'90Boullay; 
6'64 licrapath. 
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SBeOND CLASS. 



THIRD CLASS. 


Oxides. Atomic'Voic. ' Observed Specific Gravity. 

Sp.Gr. 

Copper . j 802 j 2Cu+0 88 + 04 = 152 5’87 o^Tb Karsten, Royer and 

I Dumas; 00b Herap.'Uli. 

Mercury. I 2632 2IIg+0 180+ 04 = 2.b0 10 05 lO-OOHerap.; 8 0.5 Karst. 

Molybdenum. 899 Mo+30 09+192 = 201 3'4'4 3'10 Hcr^'inan, Thomson; 

3'49 Dcrzcliu.s. 

Silver. 1452 Ag+0 88 + 64 = 194 7’48 7'14 Ilerapatli; 7'25 Tioul- 

lon; 8’20 Karslcn. 

Tungsten ... 1483 W+30i 09 +192 = 201 S'OS 5 27 Hcrapalh; 0*12 Her- 

zelius; 7'14 Karsten. 


Dr. Kopp has endeavoured to determine the atomic volume of 
the constituents of many other chisses of compounds. The specific 
gravity of the compounds of sulphur and arsenic with the metals, of 
water with oxides and salts, of chlorine with the non-metallic elements, 
are explained in a similar manner on a small number of suppositions. 
He also shows with considerable success that in those isomorphous 
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subsf-ances, of which the crystalline form is only similar, and not 
absolutely identical, as the carbonates (p. 162 ), the observed dif¬ 
ference between the atomic volumes corresponds with the difference 
between the crystalline forms. The variation in the atomic volume 
is thus manifested by a variation in the crystalline form. 


CHAPTER IV. 

CHEMICAL AFFINITY. 

In the preceding section, compound bodies have been viewed as 
already formed, and existing in a state of rest. The arrangement, 
weights, and other properties of their atoms, have also been examined 
with the relations and classification of the compounds themselves. 
But chemistry is more tlian a descriptive science ; for it embraces, iii 
addition to views of composition, the consideration of the action of 
bodies upon each other, which leads to the formation and destruction 
of compounds. Certain bodies, when placed in contact, exhibit a 
proncncss to combine with each other, or to undergo decomposition, 
while others may be mixed most intimately without change. The 
actual phenomena of combination suggest the idea of peculiar attach¬ 
ments and aversions subsisting between difierent bodies, and it ivas 
in this figurative sense that the term affinilt/ avus first applied by 
Bocrhiuive to a property of matter. A specific attraction between 
different kinds of matter must be admitted as tlie cause of combination, 
and this attraction may be conveniently distiiigiiislicd as chemical 
affuniy. 

The particles of a body in the solid or liquid state exhibit an 
attraction for each other, which is the force of cohesion, and even 
different kinds of matter have often an attraction for each other, 
which is probably of the same nature, although distinguished as 
adheifion. This force retains bodies in contact which are once 
placed in sufficient proximity to each other. It is exhibited in the 
adhesion of two smooth pieces of lead pressed together, or perfectly 
flat pieces of plate-glass, which sometimes cannot again be separated. 
The action of glue, wax, mortar, and other cements, in attaching bodies 
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together, depends entirely upon the same force. In detaching glue 
from the surface of glass, the latter is sometimes injured, and portions 
of it are torn off by the glue, the adhesive attraction of the two bodies 
being greater than the cohesion of the glass. The property of water 
to -adhere to solid surfaces and wet them, its imbibition by a sponge, 
the ascent of liquids in narrow tubes, and other phenomena of capillary 
attraction, and the rapid diffusion of a drop of oil over the surface of 
water, are illustrations of the same attraction between a liquid and a 
solid, and between different liquids. But this kind of attraction is 
-deficient in a character which is never absent in true chemical 
affinity —it effects no change in the froj)erties of bodies. It 
may bind different kinds of matter together, but it does not alter 
their nature. 

The tendency of different gases to diffuse through each other till a 
uniform mixture is formed, is another property of matter,—the effect 
of a force wholly independent of chemical affinity. It is certain that 
this physical property is not lost in liquids, and that it contributes to 
that equable diffusion of a salt through a menstruum which occurs 
spontaneously, and without agitation to promote it.* 

Solution ,—The attraction between salt and water, which occasions 
the solution of the former, differs in several circumstances from the 
affinity wliich leads to the production of definite chemical compounds. 
In solution, combination takes place in indefinite proportions, a 
certain quantity of common salt dissolving in, or combining with any 
quantity of water however large; while a certain quantity of water, 
such as 100 parts, can dissolve any quantity of that salt less than 37 
parts, the proportion wliich saturates it. Water has a constant 
solvent. power for every other soluble salt; but the maximum 
proportion of salt dissolved, or the saturating quantity, has no re¬ 
lation to the atomic weight of the salt, and indeed varies exceedingly 
with the temperature of the solvent. The limit to the solubility of 
a salt seems to be immediately occasioned by its cohesion. Water, 
in proportion as it takes up salt, has its power to disintegrate and 
dissolve more of the soluble body gradually diminished; it dissolves 
the last portions slowly and with difficulty, and at last, when satu¬ 
rated, is incapable of overcoming the cohesion of more salt that may 
be added to it. The solubility in water of another body in the liquid 


* Jcrichan, in roggeudorfTs Auualcn, sxxiv. 613 ; or Dove and Moser’s Repertorium 
der Pliysik, i. 96, 1837. 



SOLUTION OP SALTS. 


£19 


state Is not restrained by cohesion, and is in general nnlimited. 
Thus alcohol, and also soluble salts above the temperature at which 
they liquefy in their water of crystallization, dissolve in water in any 
proportion. Generally speaking, also, those salts dissolve in largest 
quantity which are most fusible, or of which the cohesion is most 
easily overcome by heat, as the hydrated salts; and among anhydrous 
salts, the nitrates, chlorates, chlorides, and iodides, which are all 
remarkable for their fusibility. In tliis species of combination, bodies 
are not materially altered in properties; indeed, are little affected except 
in their cohesion. 

The union also between a bodv and its solvent differs in a marked 
manner from proper chemical combination in the relation of the bodies 
to each other which exhibit it. Bodies combine chemically with so 
much the more force as their properties are more opposed, but they 
dissolve the more readily in each other, the more similar their pro¬ 
perties. Thus, metals combine with non-raetallic bodies, acids with 
alkalies; but to dissolve a metal, another metal must be used, such 
as mercury; oxidated bodies dissolve in oxidated solvents, as the 
salts and acids in water; while liquids which contain much hydrogen 
are the best solvents of hydrogenated bodies—an oil, for instance, of a 
fat or a resin; alcohol and ether dissolving the essential oils and most 
organic principles, but few salts of oxygen acids. The force which 
produces solution differs, therefore, essentially from chemical affinity 
in being exerted between analogous particles, in preference to particles 
which are very unlike; and resembles more, in tliis respect, the 
attraction of cohesion. 

A more accurate idea of the varying solubility of a salt at different 
temperatures may be conve 3 Td by a curve constructed to represent it, 
than by any other means. The perpendicular lines in the following 
diagram, indicate the degrees of temperature which are marked below 
them, and the horizontal lines, quantities of salt dissolved by 100 
parts by weight of water. The proportion of any salt dissolved at a 
particular temperature may be learned by carrying the eye along the 
perpendicular line expressing that temperature, till it cuts the curve 
of the salt, and then horizontally to the column of parts dissolved.* 


* An extensive and very careful series of experiments on the solubility of salts in water 
at different temperatures has been made by M. Poggiale, Ann. de Chim. et de Phys. 
3e Ser, T. viii. p. 463; and the Itapjport Annuel of Berzelius, Paris, 1846, p. 18. 
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SOLUBILITY OF SALTS IN ONE HX^NDRED PaIITS OF WATER. 



It wil] be obscrvctl that the perpeiulicular lines advance by 9°, the 
first being and the last 230°. The solubility of nitrate of potash 
increases from 13 parts in 100 water at 32°, to 80 parts at 118°, or 
very rapidly with the temperature. Sulphate of soda is seen by the 
form of its curve to increase in solubility from 5 parts at 32° to 52 
parts at 92°, but then to diminish in solubility with farther elevation 
of temperature. In this salt, sulphate of magnesia and chloride of 
barium, the solubility is expresstal in jxarts of the anhydrous, and not 
the hydrated salt. The lines of chloride of barium and chloride of 
potassium arc parallel, shewing a remarkable rciatioii between the 
solubilities of these two salts, which docs not appear in any others. 
The line of chloride of sodium is observed to cut all the lines of 
temperature at the same height, 100 parts of water dissolving 37 
parts of that salt at all temperatures. 

Chemical affinity acts only at insensible distances, and has no effect 
in causing bodies to approach each other which are not in contact, 
differing iu this respect from the attraction of gravitation, wliich ‘acts 
at all distances, however great, although with a diminislxing force. 
Hence, the closest ai)proximation of unlike particles is necessary to 
develope their affinitixjs, and produce combination. Sulphur and 
coxjper ill mass have no effect upon each other, but if both be in a 
state of great division, and rubbed together in a mortar, a powerful 
affinity is brought into play, the bodies themselves disappear, and 
siilphurct of copper is produced by their union, with the evolution 
of much heat. 'Ihe affinity of bodies is, therefore, promoted by every 
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thing which tends to their close approximation; in solids, by their 
pulverization and intermixture, this attraction residing in the ultimate 
particles of bodies ; in gases, by their spontaneous diffusion through 
each other, which occasions a more complete intermixture than is 
attainable by mechanical means; and between liquids, or between, a 
liquid and solid, by the adliesive attraction which liquids possess, which 
must lead to perfect contact, and also by a disposition of liquid bodies 
to intermix, of the same physical character as gaseous diffusion. 
Elevation of temperature has certainly often a specific action in 
increasing the affinity of two bodies, but it also often acts by pro¬ 
ducing a perfect contact between them, from the fusion or vaporization 
of one or both bodies. Hence, no practice is more general to promote 
the combination of bodies than to heat them togetlier. 

If tlie affinity between two gases is sufficiently great to begin com¬ 
bination, the process is never interrupted, but is continued from the 
diffusion of the gases through each other till complete, or at least till 
one of the gases is entirely consumed. Thus, when liydrochloric acid 
and ammoniacal gases, in equal measures, are ijitroduced into a jar 
containing at the same time a large quantity of air, the formation of 
hydrochlorate of ammonia proceeds, the gases appearing to search 
out each other, till no portion of uiicombiiied gas remains. The 
combination of two liquids, or of a liquid and a solid, is also facilitated 
in the same manner by the mobility of the fluid, and proceeds without 
interruption, unless, perhaps, the product of the combination be solid, 
and by its formation interpose an obstacle to the contact of the com¬ 
bining bodies. Eut tlie affinities of two solids which are not volatile 
are rarely developed at all, owing to the imperfection of contact. 
Even the action of very powerful affinities between a solid and a 
liquid or a gas, is often arrested in tlie outset from the physical 
condition of the former. Thus, the affiiiity between oxygen and lead 
is certainly considerable, for the metal is rajiidly converted into a 
white oxide when ground to powder and agitated with water in its 
usual aerated condition ; and in the state of extreme division in wliich 
lead is obtained by calcining its tartrate in a glass tube, the metal is 
a pyrophorus, and combine^ with oxygen when cold with so much 
avidity as to take fire and burn the moment it is exposed to the air. 
Iron also, in the spongy and divided state in which it is procured, by 
reducing the peroxide by means of hydrogen gas at a low red heat, 
absorbs oxygen w’ith equal avidity at the temperature of the air, and 
takes fire and burns. But notwithstanding an affinity for oxygen of 
such intensity, these metals in mass oxidate very slowly in air, parti- 
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cularly lead^ which is quickly tarnished indeed, but the tliin coating 
of oxide formed does not penetrate to a sensible depth in the course 
of several years. The suspension of the oxidation may be partly due 
to the comparatively small surface which a compact body exposes to 
air, and which becomes covered by a coat of oxide, and protected from 
farther change ,* but partly also to the effect of the conducting power 
of a considerable mass of metal in preventing the elevation of tem¬ 
perature consequent upon the oxidation of its surface. For metals 
oxidate with increased facility at a high temperature, such as the lead 
pyrophorus quickly attains from the oxidation of the great surface 
which it exposes, compared with its weight. The heat from the 
oxidation of the superficial particles of the compact metal, however, 
is not accumulated, but carried off and dissipated by the conducting 
power of the contiguous particles, so that elevation of temperature is 
effectually repressed. It thus appears that the state of aggregation 
of a solid may oppose an insuperable bar to the action of a very 
powerful affinity. 

The affinity of two bodies, one or both of which are in the state of 
gas, is often promoted in an extraordinary manner by the contact of 
certain solid bodies. Thus, oxygen and hydrogen gases may be mixed 
and retained for any length of time in that state without exhibiting 
any affinity for each other, and the gaseous mixture may, indeed, be 
heated in a glass vessel to any temperature short of redness without 
showing any disposition to combine. But if a clean plate of platinum 
be introduced into the cold mixture, the gases in contact with the 
metallic surface instantly unite and form water • other portions of 
the mixture come then in contact with the platinum, and combine 
successively under its influence, so that a large quantity of the gaseous 
mixture may be quickly united. The temperature of the platinum 
also rises, from the heat evolved by the combination occurring at its 
surface, and the influence of the metal increasing with its temperature, 
combination proceeds at an accelerated rate, till the platinum becoming 
red hot, may cause the combination to extend to a distance from it, 
by kindling tlie gaseous mixture. Platinum acts in this manner with 
greatest energy when in a highly divided state, as in the form of 
spongy platinum, owing to the greater surface exposed, and the 
rapidity with which it is heated. The metal itself contributes no 
element to the water formed, and is in no respect altered. It is an 
action of the metallic surface, which must be perfectly clean, and is 
retarded or altogether prevented by the presence of oily vapours and 
many other combustible gases, which soil the metallic surface. 
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Mr. Earaday is disposed to refer the action to an adhesive attraction 
of the gases for the metal^ under the influence of which they are 
condensed and their particles approximated within the sphere of their 
mutual attraction^ so as to combine. Tliis opinion is favoured by 
the circumstance that the property is not peculiar to platinum, but 
appears also in other metals, in charcoal, pounded glass, and all other 
sohd bodies ; although aU. of them, excejpt the metals, act only when 
their temperature is above the boiling point of mercury. But, on 
the other hand, at low temperatures, the property appears to be con¬ 
fined to a few metals only which resemble platinmn in their chemical 
characters ; namely, in having little or no disposition to combine with 
oxygen gas, and in not undergoing oxidation in the air. The action 
of platinum may, therefore, be connected with its chemical properties, 
although in a way which is quite unknown to us. The same metal 
disposes carbonic oxide gas to combine with oxygen, but much more 
slowly than hydrogen; and it is remarkable that if the most minute 
quantity of carbonic oxide be mixed with hydrogen, the oxidation of 
the latter under the influence of the platinum is arrested, and not 
resumed till after the carbonic oxide has been slowly oxidated and 
consumed, which thus takes the precedence of the hydrogen in com¬ 
bining with oxygen. This extraordinary interference of a minute 
quantity of carbonic oxide gas, which cannot from its nature be 
supposed to soil the surface of the platinum like a liquefiable vapour, 
seems to point to a chemical, perhaps to an electrical explanation of 
the action of the xdsitinum, rather than to the adhesive attraction of 
the metal. The oxidation of alcohol at the temperature of the air, 
and also at a low red heat, is promoted in the same manner by contact 
with platinum. 

Order of ajfuiity .—The afilnity between bodies appears to be of 
different degrees of intensity. Lead, for instance, has certainly a 
greater affinity than silver for oxygen, the oxide of the latter being 
easily decomposed when heated to redness, while the oxide of the 
former may be exposed to the most intense heat without losing a 
particle of oxygen. Again, it may be inferred that potassium has a 
still greater affinity for oxygen than lead possesses, as we find the 
oxide of lead easily reduced to tl\e metallic state when heated in 
contact with charcoal, while potash is decomposed in the same maimer 
with great difficulty. But the order of affinity is often more strikingly 
exhibited in the decomposition of a compound by another body. 
Thus, sulphuretted hydrogen gas is decomposed by iodine, which 
combines with the hydrogen, forming hydriodic acid, and liberates 





CHEMICAL AFEINITY. 


sulphur. The affinity of iodine for hydrogen is, therefore, greater 
than that of sulphur for the same body. But hydriodic acid is de¬ 
prived of. its hydrogen by bromine, and hydrobromic acid is formed ; 
and this last is decomposed in its turn by chlorine, and hydrochloric 
acid produced. It thus appears that the order of the affinity of the 
elements mentioned /or hydrofjen is, clilorine, bromine, iodine, 
sulphur. The order of decompositions, in the precipitation of metals 
by each other from their saline solutions, also indicates the degree of 
affinity. Thus, from the decompositioirof the nitrates of the following 
ftietals, the order of their affinityyh/- nitric acid and oj't/f/cn may be 
inferred to be as follows :—rinc, lead, copper, nnircury, silver j zinc 
throwing down lead from the nitrate of lead, and all the other metals 
w'hich follow it; lead throwing down copper ; cojiper, mercury; and 
mercury, silver; while nitrate of zinc itself is not alfected by any 
other metal, and nitrate of silver is decomposed by all the metals 
enumerated. Bodies were first thus arranged according to the degree 
of their affinity for a jiarticular substance, inferred from the order of 
their decompositions, by Geoffroy and Bergman, and tables of affiuitv 
constructed, of wliicli the following is an cxamjdc;— 

Order of AfinHy of the Alkalies and Earths for Sidphurie Arid. 

Havyin. 

Strontia. 

Putabh. 

Soda, 

Limn, 

Anmiouia. 

MaujiiPsia. 

Baryta is capable of taking sulphuric acid from strontia, potash, and 
every other base which follows it in tlie table,—the experiment being 
made upon sulpliates of these bases dissolved in water j while sulphate 
of baryta is not decomposed by any other base. Lime separates 
ammonia and magnesia from sulphuric acid, but has no cflcct upon 
the sulphates of soda, potash, strontia, and baryta; and in the 
same manner any other base decomposes the sulphates of the bases 
below it in the column, but has no effect upon those above it. 
Tables of this kind, when accurately constructed, may convey much 
valuable information of a practical kind, but it is never to be forgotten- 
that they are strictly tables of the order of decomposition and of the 
comparative force or order of affinity in one set of conditions only. 
This will appear by examining how far decomposition is affected by 
accessory circumstances in a few case.s. 
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Circumstances which (ijfect the order of decomposition, —Vola¬ 
tility ill a body promotes its separation from others which are 
more fixed, and consequently facilitates the decomposition of com¬ 
pounds into which the volatile body enters. Heiict;, by the agency 
of heat, water is separated from hydrated salts; ammonia, from its 
combinations with a fixed acid, such as the phosphoric; and a 
volatile acid from many of its salts ; as sulphuric acid from the 
sulphate of iron, carbonic acid from the carbonate of lime, &c. 
Ammonia decomposes hydrochlorate of morpliia at a low tempera¬ 
ture, but, on the other hand, morphia decomposes the hydrochlorate- 
of ammonia at the boiling point of water, and liberates ammonia, 
owing to the volatility of that body. The fixed acids, such as the 
silicic and phosphoric, disengage in the same way at a high tempera- 
tui'e those acids which are generally reputed most powerful, and by 
which silicates and phosphates are decomposed with facility at a low 
temperature. Many such cases might be adduced in wliich the 
order of decomposition is reversed by a change of temperature. The 
volatility of one of its constituents must, fherefore, be considered 
an element of instability in a compound. 

Decomposition from uneijual volatility is, of course, checked by 
pressure, and promoted by its removal and by every thing wliieh 
favours the escape of vapour; such as the presence of an atmosphere 
of a diflerent sort into which the volatile constituent may evaporate. 
Carlionate of lime is decomposed easily at a red heat, provided a 
current of air or of steam is jiassing over it wliich may carry ofi' the 
carbonic acid giis, but the decomposition ceases when the carbonate 
is surroundc;d by an atmosphere of its own gas; and the carbonate 
may even be heated to fusion, in the lower part of a crucible, without 
decomposition. Here the occurrence of decomposition depends en¬ 
tirely upon the existmice of a foreign atmos})herc into which carbonic 
acid can diffuse. Nitrates of alumina, mid peroxide of iron in solu¬ 
tion, arc decomposed by the spontaneous cva})oration of their acid, 
even at the temperature of the air; and so is an alkaline bicarbonate 
when in solution, but not when dry. A change in the ^composition 
of the gaseous atmosphere may affect the order of decomposition, 
as in the following cases:— 

When steam is passed over iron at a red heat, a portion of it 
is decomposed, oxide of iron being formed and hydrogen gas 
evolved. From this experiment it might be inferred that the 
aliinity of iron for oxygen is greater than that of hydrogen. But 
let a stream of hydrogen gas be conducted over oxide of iron at the 

Q 
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very same temperature, and water is formed, wliile the oxide of 
iron is reduced to the metallic state. Here the hydrogen appears 
to have the greater affinity for oxygen. But the result is obviously 
connected with the relative proportion beWeen the hydrogen 
and steam which are at once in contact with the metal and its 
oxide at a red heat. When steam is in excess, water is decomposed, 
but when hydrogen is in excess, oxide of iron is decomposed; 
and why? because the excess of steam in the first case is an 
atmosphere into which hydrogen can diffuse, and the disengage¬ 
ment of that gas is therefore favoured; but in the second case 
the atmosphere is principally hydrogen, and represses the evolution 
of more liydrogen, but facilitates that of steam. The affinity of 
iron and hydrogen for oxygen at the temperature of the experi¬ 
ment is so nearly balanced, that the one affinity prevails over the 
other, according as there is a proper atmosphere into which 
the gaseous product of its action may diffuse. This affords an 
intelligible instance of the influence of mass or quantity of 
material, in promoting a chemical change ; the steam or the 
hydrogen, as it preponderates, exerting a specific influence, in 
the capacity of a gaseous atmosphere. 

The remarkable decomposition of alcohol by sulphuric acid, 
which affords ether, is another similar illustration of decom¬ 
position depending upon volatility, and affected by changes in 
the nature of the atmosphere into which evaporation takes place. 
Alcohol or the hydrate of ether is added in a gradual manner to 
sulphuric acid som(;what diluted, and heated to 280°. In these 
circumstances, the double sulphate of ether and water is formed; 
water, which was previously combined as a base to the acid, 
being displaced by ether, and set free together with the water 
of the alcohol. The first effect of the reaction, therefore, is the 
disengagement of watery vapour, and the creation of an atmo¬ 
sphere of that substance which tends to check its farther evolution. 
But the existence of such an atmosphere offers a facility for the 
evaporation of ether, which accordingly escapes from combination 
with the acid and continues to be replaced by the water, the 
affinity of sulphuric acid for water and for ether being nearly equal, 
till ether forms such a proportion of the gaseous atmosphere as to 
check its own evolution, and to favour the evolution of watery vapour. 
Then the sulphate of ether comes in its turn to be decomposed 
as before, and ether evolved. Hence, both ether and water distil 
over in this process, the evolution of one of these bodies favouring 



INFLUENCE OF INSOLUBILITY. 


m 

the separation and disengagement of the other. In this description, 
the evolution of water and ether are for the sake of perspicuity 
supposed to alternate, but it is evident that the result of such 
an action will be the simultaneous evolution of the two vapours 
in a certain constant relation to each other. 

Influence of imoluhility. —The great proportion of chemical 
reactions which we witness are exhibited by bodies dissolved in 
water or some other menstruum, and are affected to a great 
extent by the relations of themselves and their products to their 
solvent. Thus carbonate of potash dissolved in water is decoms 
posed by acetic acid, and carbonic acid evolved, the affinity of 
the acetic acid prevailing over that of the carbonic acid for 
potash. But if a stream of carbonic acid gas be sent through 
acetate of potash dissolved in alcohol, acetic acid is displaced, 
or the carbonic acid prevails, apparently from the insolubility 
of the carbonate of potash in alcohol. The insolubility of a 
body appears to depend upon the cohesive attraction of its particles, 
and such decompositions may therefore be ascribed to the prevalence 
of that force. 

Formation of compounds hy substitution. —It is remarkable 
that compounds are in general more easily fonned by substitution, than 
by the direct union of their constituents; indeed, many compounds can 
be formed only in that manner. Carbonic acid is not absorbed by anhy¬ 
drous lime, but readily by the hydrate of lime, the water of which is 
displaced in the formation of the carbonate. In the same manner, 
ether, although a strong base, does not combine directly with 
acids, but the salts of ether are derived from its hydrate or 
alcohol, by the substitution of an acid for the water of the 
alcohol. In all the cases, likewise, in wliich hydrogen is evolved 
during the solution of a metal in a hydrated acid, a simple sub¬ 
stitution of the metal for hydrogen occurs. 

Combination takes place with the greatest facility of all 
when double decomposition can occur. Thus carbonate of hme 
is instantly formed and precipitated, when carbonate of soda is 
added to nitrate of lime, nitrate of soda being formed at the same 
time and remaining in solution. 

Before Decomposition. After Decomposition. 

^ , .L c j I Soda . . . ^Nitrate of soda. 

Carbonate of 

± cv (Nitric acid 

Nitrate of lime ,-—^Carbonate of lime. 
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Here a double substitution occurs, lime being substituted I’ov 
soda in the carbonate, and soda for lime in the nitrate. Such 
reactions may therefore be truly described as double substitu¬ 
tions as well as double decompositions. They are most com¬ 
monly observed on mixing two binary compounds or two salts. 
But reactions of the same nature may occur between compounds 
of a higher order, sucli as double salts, and new compounds be 
thus produced, which cannot be formed by the direct union of 
their constituents. Thus the two salts, sulphate of zinc and 

sulphate of soda, when simply dissolved together, at the ordinary 
temperature, always crystallize apart, and do not combine. But the 
double sulphate of zinc and soda is formed on mixing strong solutions 
of sulphate of zinc and bisulphate of soda, and separates by crystalliza¬ 
tion; the sulphate of water with constitutional n ater (hydrated acid of 
sp. gr. 1‘78) being produced at tlic same time, and remaining in 
solution. The reaction which occurs may be thus expressed: 

Before Decomposition. After Decomposition. 

HO, S03 4-(Na0, SO 3 )) ^ CHO, SOg-j-IIO 

ZnO, SO 3 + (IlO) ) { ZnO, ISO 3 NaO, SO 3 

in which the constituents of both salts before decomposition 

inclosed in brackets, arc found to have exchuiigcd places after 
decomposition, without any other change in the original salts.* 
The double sulphate of lime and soda can be formed artificially 
oidy in circumstances which arc somewhat similar. It is produced 
on adding sulphate of soda to acetate of lime, the sulphate of 
lime, as it then precipitates, carrnng down sulphate of soda in the 
place of constitutional water (Liebig). 

Different hydrates of the same body, such as peroxide of tin, 
differ sensibly in properties, and afford different compounds 
ulth acids, unquestionably because these comjiounds are formed 
by substitution. Tlie constant formation of phosphates con¬ 
taining one, two, or three atoms of base, on neutralising the cor¬ 
responding hydrates of phosphoric acid with a fixed base, like¬ 
wise illustrates in a striking manner the derivation of compounds, 
on this principle. Many insoluble substances, such as the earth 
silica, possess a larger proportion of water, when newly preci[)i- 
tated, than they retain afterwards, and in that high state of 
hydration they may exhibit affinities for certain bodies which 


* On Water aa a Ckinstituent of Sulphates, Phil. Mag. 3(1 series, vol. vi. p. ^17. 
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do not appear in other circumstances. Hydrated silica dissolves 
in water at the moment of its separation from a caustic alkali; 
and alumina dissolves readily in ammonia, when produced in 
contact with that substance by the oxidation of aluminum. 
The usual disposition to enter into combination, which sUica 
and alumina then exhibit, is generally ascribed to their being in 
the nascent state; a body at the moment of its formation and 
liberation, in consequence of a decomposition, being, it is sup- 
postid, in a favourable condition to enter anew into combination. 
Hut their degree of hydration in the nascent state may be the 
real cause of their superior aptitude to condiinc. 

Double decompositions take place without tlie great evolution 
of heat which often accompanies the direct combination of two 
bodies, and witli an apparent facility or absence of* effort, as if 
the combinations were just balanced by the decompositions which 
occur at the same time. It is, perhai)s, from this cause that the 
result of double decomposition is so much affected by circum¬ 
stances, particularly by the insolubility of one of the compounds. 
For it is a general law, to which there is no exeei)tion, that two 
soluble salts cannot be mixed without the occurrence of decom¬ 
position, if one of the products that may be fonued is an insoluble 
salt. On ]nixiug carbonate of soda and nitrate of lime, the 
decomposition seems to be determintHl entirely by the insolubility 
of the carboiiiite of lime, which precipitates. When sulphate of 
soda and nitrate of potash are mixed, no visible change occurs, 
and it is doubtful whether the salts act upon each other, but if 
the mixed solution be concentrated, decomposition occurs, and 
sulphate of potash separates by crystalli/atiou owing to its inferior 
solubility. 

It may sometimes be i)rovcd that double d(?composition occurs 
on mixing soluble salts, allhough no precipitation supervenes. 
Thus, on mixing strong solutions of su]j)hate of copper and 
chloride of sodium, the colour of the solution changes from 
blue to grecji, which indicates the formation o cnloride of copper 
and consequently that of sulphate of soda also. Now it is known 
that hydrochloric acid will ilisplace sulphuric acid from the 
sulphate of copper at the temperature of the experiment, while 
sulidiuric acid will, on the other hand, displace hydrocldoric 
from chloride of sodium. It hence appears that in the pre¬ 
ceding double decomposition, those acids and bases unite wliich 
have the strongest affinity for each other, and the same thing 
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may happen on mixing other salts. But where the order of 
the affinities for each other of the acids and bases is unknown, 
the occurrence of any change upon mixing salts, or the extent to 
which the change proceeds, is entirely matter of conjecture. 

It was the opinion of BerthoUet, founded principally upon the 
phenomena of the double decompositions of salts, that decompositions 
are at all times dependent upon accidental circumstances, such as 
the volatility or insolubility of the product, and never result from 
the prevalence of certain affinities over others; and consequently 
that in accounting for such changes, the consideration of affinity may 
be neglected. He supposed that when a portion of base is presented 
at once to two acids, it is divided equally between them, or in the 
proportion of the quantities of the tw^o acids, and that one acid can 
come to possess the base exclusively, only when it forms a volatile 
or an insoluble compound with tliat body, and thereby withdraws it 
from the solution, and from the influence of the other acid. His 
doctrine will be most easily explained by applying it to a particular 
case, and expressing it in the language of the atomic theory. The 
reaction between sulphuric acid and nitrate of potash is supposed to 
be as follows. On mixing eight atoms of the acid with the same 
number of atoms of the salt, the latter immediately undergoes partial 
decomposition, its base being equally shared between the two acids 
which are present in equal quantities; and a state of statical equili¬ 
brium is attained in which the bodies in contact are— 

. {a) Four atoms sulpliate of potash. 

Four atoms nitrate of potash. 

Four atoms sulphuric acid. 

Four atoms nitric acid. 

The nitrate of potash, it is supposed, is decomposed to the extent 
stated, and no farther, however long the contact is protracted. But 
let the whole of the free nitric acid now be distilled oil' by the 
application of heat to the mixture, and a second partition of the 
potash of the remaining nitrate of potash is the consequence; the 
free sulphuric acid decomposing the salt till the proportion of the 
two acids unebmhined in the mixture is again equal, when a state of 
equilibrium is attained. The mixture then consists of— 

(i&) Six atoms sulphate of potfish. 

Two atoms nitrate of potash. 

Two atoms sulphuric acid. 

Two atoms nitric acid. 
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On removing the free nitric acid as before, a third partition of the 
potash of the remaining nitrate of potash between the two acids on 
the same principle takes place, of which the result is— 

{c) Seven atoms sulphate of potash. 

One atom nitrate of potash. 

One atom sulphuiic acid. 

One atom nitric acid. 

The proportion of the two acids free being always the same. The 
repeated application of heat, by removing the free nitric acid, will 
cause the sulphuric to be again in excess, which will necessitate a 
new partition of the potash of the remaining nitrate of potash, till at 
last the entire separation of the nitric acid will be effected, and the 
fixed j)rodnct of the decomposition be— 

{(i) Eight atoms sulphate of potash. 

Here the affinity of the sulphuric and nitric acids for potash is sup¬ 
posed to be equal; and the complete decomposition of the nitrate of 
potash by the former acid, which takes place, is ascribed to the vola¬ 
tility of the latter acid, which, by occasioning its removal in propor¬ 
tion as it is liberated, causes the fixed sulphuric acid to be ever in 
excess. 

Complete decompositions in which the precipitation of an insoluble 
substance occurs, were explained by Berthollet in the same manner. 
On adding a portion of baryta to sulphate of soda, the baryta de¬ 
composes the salt, and acquires sulphuric acid, till that acid is 
divided between the two bases in the proportion in which they are 
present, and at this point decomposition ivould cease, were it not 
that the w'hole sulphate of baryta formed is removed by precipi¬ 
tation. But a new formation of that salt is the necessary consequence 
of that ctjuable partition of the acid between the two bases in contact 
with it, which is the condition of eiiuilibriiun j and the new product 
precipitating, more and more of it is forjued, till the sulphate of soda 
is entirely decomposed, and its sulphuric acid removed by an equi¬ 
valent ^ baryta. 

According to these views of Berthollet, no decomposition should 
be complete unless the product be volatile or insoluble, as in the 
cases instanced. But such a conclusion is not consistent with obser¬ 
vation, as it can be shewn that a body may be separated completely 
from a compound, and supplanted by another body, although none 
of the products is removed by the operation of either of the causes 
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specified, but all continue in solution and in contact with eacli otlier. 
Thus the salt borax, which is a biborate of soda, is entirely decom¬ 
posed by the addition to its solution of a cpmiitity of sulphuric acid 
not more than equivalent to its soda, although the liberated boracic 
acid remains in solution; for the liquid imparts to blue litmus paper 
a purple or wine-red tint, which indicates free boracic acid, and not 
that characteristic red tint, resembling the red of the skin of the 
onion, which would inevitably be produced by the most minute quan¬ 
tity of the stronger acid, if free. But if the borax were only decom¬ 
posed in part in these circumstances, and its soda etiually divided 
between the two acids, then free sulphuric, as well as boracic acid, 
should be found in the solution. The complete decomposition of the 
sidt can be accounted for in no way but by ascribing it to the higher 
affinity of sulphuric acid for soda, than that of boracic acid for the 
same base. 

According to the same views, on mixing together two neutral 
salts containing different acids and bases, and which do not precipi¬ 
tate each other, each acid should combine with both bases, so as to 
occasion tlic formation of fom* salts. Again, four salts, of which the 
acids and bases are all dissimilar, should react upon each otlier in 
such a way as to produce sixteen salts, each acid acquiring a portion 
of the four bases ; and certain acids and bases, dissolved together in 
certain proportions, could have but one arrangement in which they 
would remain in c([uilibrio. Hence the salts in a mineral water 
would be ascertained by determining the acids and bases present, and 
supposing all the bases proportionally divided among the acids. But 
this conclusion is inconsistcnit with a fact observed in the preparation 
of factitious mineral waters, namely, that their taste depends not only 
on the nature of the salts, but also U[>on the order in wliicli they arc 
added. (Dr. Struve, of Dresden.) Before we can determine how the 
acids and bases arc arranged in a mineral water, or what salts it 
contains, it may therefore be necessary to know the history of its for¬ 
mation. Instead of supposing the bases equally distributed among 
the acids in mixed saline solutions, it is now more generally^ssumed 
that the strongest base may be exclusively in possession of the 
strongest acid, and the weaker bases be united with the weaker acids; 
a mode of viewing their composition which agrees best with the 
medical qualities of mineral waters It thus appears that the doc¬ 
trines of Berthollet, by which the resulting actions between bodies in 
contact are made to dejicnd upon their relative quantities or masses, 
and the physical properties of the products of their combination, to 
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the entire exclusion of the agency of proper affinities between the 
bodiesj cannot be admitted as a true representation of the actual 
])heiiomena of combination. 


CATALYSIS, OK DECOMPOSITION BY CONTACT. 

An interesting class of deeomjjositions has of late attracted 
considerable attetitioii, which, as tluiy cannot be accounted for on 
the ordinary lav^s , of chemical adiiiity, have been referred by Ber¬ 
zelius to a new power, or rather new form of tlic force of chemical 
affinity, which he has distinguished as the Cataljftic force, and the 
efleet of its action as Catali/ais (from Kara, downwards, and Xv(u, T 
unloosen). A body in which this power resides, resolves others into 
new coni])ounds, mendy by contact with them, or by an action of pre¬ 
sence, as it has been tcirmctl, without gaining or losing anything itself. 
Thus an acid converts a solution of starch (at a certain teinj)erature), 
first into gum and then ijito sugar of grapes, although no combi¬ 
nation takes ])lace between the elements of the acitl and those of 
tlic starch, the acid being found free;, and undiminished in (quantity, 
after etlccting tlic change. The same mutations are produced in a 
more remarkable manner by the presence of a minute quantity of a 
vegetable principle, dictHtaac, allied in its general properties to gluten, 
udiich appears in the germination of barley and other seeds, and 
converts their starch into sugar and gum, which, being soluble, form 
the sap that rises into the germ, and nourishes the plant. This 
example of the action of a catalytic power in an organic secretion is 
probably not the only one in the animal and vegetable kingdoms, 
for it is not unlikely that it is by the action of such a force that very 
diflercnt substances arc obtained from the same crude material by 
diflerent organs. In animals, this crude material, which is the blood, 
flows ill the uninterrupted vessels, and gives rise to all the dillcrent 
secretions; such as milk, bile, urine, &c. without the presence of 
any foreign body which could form new combinations. A beautiful 
instance of an action of catalysis was uaced by Liebig and Wdliler 
in the cliemical changes which the bitter almond exliibits. The 
application of heat and water to the almond, by giving solubility to 
its emulsin or albuminous principle, enables it to act upon an asso¬ 
ciated principle, amygdaliii, of a neutral character, which then fur¬ 
nishes bodies so unlike itself as the volatile oil of abn; nds, hydro- 
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cyanic and formic acids. Tlie action of yeast in fermentation is a 
more famillior illustration of a similar power. The presence of that 
substance, although insoluble, is sufiiGient to cause the resolution of 
sugar into carbonic acid gas and alcohol, a decomposition which 
can be effected by no other known means. Changes of this kind, 
although most frequent in organic compounds, are not confined to 
them. The binoxide of hydrogen is a body of which the elements are 
held together by a very slight affinity. It is not decomposed by 
acids, but alkalies give its elements a tendency to separate, slow 
effervescence occurring with the disengagement of oxygen, and water 
being formed. Nor do soluble substances alone produce this effect; 
other organic and inorganic bodies, also—such as manganese, silver, 
platinum, gold, fibrin, &c. which are perfectly insoluble—exert a 
similar power. The decomposition, in these instances, takes place 
by the mere presence of the foreign body, and without the smallest 
quantity of it entering into the new compound; for the most minute 
researches have failed in discovering the slightest alteration in the 
foreign body itself. The liquid persulphide of hydrogen, and a 
solution of the nitrosulj)hate of ammonia of Pelouzc, are decomposed 
ill the same way, and by contact of neajdy all the substances which 
act upon peroxide of hydrogen. One remarkable difference, indeed, 
is observable, namely, that alkalies impart stability to iiitrosulphate of 
ammonia, while acids decompose it, or the reverse of what happens 
with both the binoxide and bisulphide of hydrogen.* 

The phenomena referred to catalysis are of a recondite nature, and 
much in need of elucidation. The influence of platinum, formerly 
noticed, in disposing hydrogen and oxygen to unite, is probably 
connected with the catalytic power of the same metd, but is at 
present equally inexplicable. It would be unphilosophical to rest 
satisfied by referring such phenomena to a force of the existence of 
which we have no evidence. The doctrine of catalysis must be 
viewed in no other light than as a convenient fiction, by which we 
are enabled to class together a number of decompositions not pro¬ 
vided for in the theory of chemical affinity, as at present understood, 
but which, it is to be expected, will receive their explanation from 
new investigations. It is a provisional hypothesis, like the doctrine 
of isomerism, for which the occasion will cease'as the science 
advances. 


* Phil. Mag. 3d Series, vol. x. p. 489. 
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SECTION II.-CHEMICAL POLARITY. 

Illustrations from magneiical polarity .—^The ideas of induction 
and polarity, wliich now play so important a part in physical theories, 
were originally suggested by the phenomena of magnetism, which 
still afford the best experimental illustrations of them. A bar 
magnet exhibits attractive power which is not possessed in an equal 
degree by every j)artiole composing the bar, but is chiefly localized 
in two points at or near its extremities. The powers, too, residing at 
these points are not one and the same, or similar, but different, 
indeed contrary, in their nature; and are distinguished by the different 
names of Austral magnetism and Boreal magnetism. The opposition 
in the mode of action of these powers is so perfect, that they com¬ 
pletely negative or neutralize each other wlien residing in the same 
particle of matter in equal quantity or degree, as they are supposed 
really to exist in iron before it is magnetized j and they only signalize 
their presence when displaced and separated to a distance from each 
other, as they are in a magnet. A body possessing any such powers 
residing in it, which are not general but local, and not the same 
but opposite, is said (in the most general sense) to possess polarity. 

In the theory of magnetism, it is found necessary to consider a 
magnet as composed of minute indivisible particles or filaments of 
iron, each of which has individually the properties of a separate 
magiret. The displacement or separation of the two attractive 
powers takes place only within these small particles, which are called 
the magnetic elements, and must be supposed so minute that they 
may be the ultimate particles or atoms themselves of the iron. 

A magnetic bar may, 
^ therefore, be represented 
^ as composed of minute 
^ portions, a b in fig. 5H 
^ representing one such 
portion; the right hand extremities of each of which possess one 
species of magnetism, and the left hand extremities the other. The 
unshaded ends being supposed to possess austral, and the shaded 
ends boreal magnetism, then the ends of the bar itself, of which these 
sides of the elementary magnets form the faces, possess respectively 
austral and boreal magnetism, and are the austral and boreal poles of 
the magnet. Such, then, is the polar condition of a bar of iron 
possessing magnetism, of wliich the attractive and repulsive powers 
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residing at the extremities are the results. Of the existence of sucli 
a Structure the breaking of a magnet into two or more parts affords 
a proof, for it forms as many complete magnets as there are parts, 
new poles aijpearing at all the fractured extremities. A magnetic 
element, it is to be remembered, is itself insecable, like a chemical 
atom, so that the division must take place between magnetic elements. 

Wlieii to the boreal pole B of a magnet (fig. 59), 
which may be of the horse-shoe form, a piece of soft 
f \ iron, n /», wholly destitute of magnetic powers, is pre- 

sented, a similar displacement of the magnetic forces of 
I its (‘lements occurs as in the magnet itself j or a h 

becomes a magnet by induction, and may attract and 
, • n induce magnetism in a second bar a V both of 

which continue magnetic so long as the first remains 
j in the same position, and under the intluencc of A B. 
These induced magnets must have the same polar 
molecular structure as the original magnet, but their 
magnetism is only temporary, and is immediately lost 
when they arc removed from the permanont magnet. The disjdace- 
ment of the magnetisms in these induccck magm^ts commences at the 
extremity a of ci in contact with B, which extremity has the 
opposite magnetism of B, (the dificrent kinds of magnetism being 
mutually attractive,) and is the austral jjolc of <t h; and h is its 
boreal pole. Of a h', again, the upper extremity a, in contact, 'with h\ 
is the austral, and the lower extremity h' the boreal pole, oi»^ and f/ 
have the same kind of magnetic ])ow('r as the pole B of the original 
magnet, from which tlicy arc dcptauleiit. A third bar of solt iron 
placed at h' is likewise polarized, and the scries of induced magnets 


ij “I 
o' 1 na 


Fig. 60. 



Fig. 61. 



may be still farther exf ended, but the at¬ 
tractive powers dcvcloiicd in the dillercnt 
members of the scri(;s become less and 
less with their distance from the pole B of 
the original magnet. 

A similar set of bars may be ‘-connected 
with A (fig. 60), wliicli become tem¬ 
porary magnets also according to the same 
law, the lower extremities of this set being 
austral. On now uniting the lower extre¬ 
mities of both sets by another bar of soft 
iron a" h", (fig. 61), either .set renders 
a' h" a magnet, having its austral pole at 
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a" anil its boreal pole at h ”; and acting togetlier, they communicate 
a degree of magnetism to the uniting bar greater than either set pos¬ 
sessed before they were united. By this connexion, also, the inductive 
actions of each S(5t of bars arc brought to bear upon the other, and 
the attractive forces at all their poles are thereby greatly increased. 
In the most favourable conditions as to the size and connexion of the 
temporary magnets M'ith relation to the primary magnet, each of the 
former, however numerous, acquires powers equal to those of the 
original magnet. This general enhancement of power in the induced 
magnets has been acquired, therefore, by completing the circle of them 
between A and B. 


It is also important to observe, with a view to the future applica- 
tioTi of the remark, that a single bar of soft iron, or lifter^ as h «, 
(fig. 62), connecting the poles of a magnet A B, not only acquirers 
at h and a equal though op])o.sitc powers to the contiguous poles of 
tin; magnet, but also reacts by induction on these poles 
themselves in a gradual manner, and increases their 
magnetism. The original magnetic forces of A and B 
arc tluTcforc increased, by the opportunity to act induc¬ 
tively, which ijio connecting bar affords them. The 
threads of steel filings which are taken up by a magnet, 
(see figure 63) illustrate the inductive action of magne¬ 
tism, for each grain of steel is a complete magnet, and 
the threads a scries of connected magnets. It will be 



Fig. 03. 


observed also that these 
threads diverge from 



each other ; because, 
while unlike poles are 
in contact in each 
thread, which attract, 
like jioles arc in con¬ 
tact of ad joining threads 


which repel. This repulsion of polar chains by each other, there 


will be occasion again to refer to. 

Atomic Tej>rcs(‘fti(itio}t oj n douhle deconijmsttion ,—Chemical 
polarity, although less ada])ted for exhibition, is still more simple than 
magnetic polarity in its nature, M'hile it is of a more fundamental 
.character, and appears to be the basis of all other polarities whatever. 
In a binary compound,—such as chloride of potassium, there re^de 
two attractive powers, opposite in their nature; namely, the halogenous 
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affinity of the salt-radical chlbrine, and the basylous affinity of the 
metal potassium. The atomic theory gives form to the molecule 
of chloride of potassium: one atom. Cl, being the seat of 
the halogenous, chlorous, or negative affinity (as we shall also 
call it); and the other atom, K, the seat of the basylous or 
positive affinity. A binary saline molecule is thus entirely similar 
to a magnetic element. We have to deal with two affinities only, 
—the chlorous and basylous. Atoms possessing different affinities 
attract each other; while atoms possessing the same affinity repel 
each other. 


The two binary compounds, hydrochloric acid (chloride of hydro¬ 
gen) and oxide of lead, when brought into contact, mutually decom¬ 
pose each other, forming chloride of lead and water: H Cl and Pb O = 
Pb Cl and H O. At the instant of acting upon each other, the two 
compound molecules must have a certain relative position. Under 


(1), the basylous liydrogen of the 
hydrochloric acid is presented to 
the basylous lead of the oxide of 
lead, atoms wliich repel each other. 
In (2) and (3), on the contrarj", a 
basylous atom of one molecule is 
presented to a halogenous atom in 
the other, II to O in (2), and Cl 
to Pb in (3). These are attractive 
pairs; but, before they can enter 
into new combinations, they must 


(1) 

(2) 

(3) 










@ 



released 

from tlie 

(4) 


atoms with which they are already combined; wliich 
can be effected in (4), the only disposition of the jiolar vlV 
molecules in which both attractive poles are together, (jjM((]^ 
and the actual decompositions and combinations pos- ^ ^ 


sible : Cl is in contact with Pb at the same time that H is in 


contact with O, allowing the simultaneous formation of Pb Cl and 
H O. This is no more than the expression of a double decomposi¬ 
tion in the language of the atomic theory. 

It is further to be observed, that, in the original polar molecules 
(4), although approximation and combination are promoted by the 
attraction of the contiguous unlike poles, they are opposed by the 
mutual repulsion of the like poles; Cl repelling O, and Pb repelling 
H." Tliis unfavourable influence of the repulsions is reduced to a 
minimum in the arrangement of several pairs of the hydrochloric acid 
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and oxide of lead molecules to form dfie circle. In (5), four pairs 
of the polar molecules are symme¬ 
trically placed; HCl alternately 
with PbO, and the attractive poles 
of the different molecules together. 

Affinities tending to a simultane¬ 
ous formation of chloride of lead 
and water are equally favoured in 
this arrangement, as in (4); while 
the mutual repulsion of the like 
atoms,—such as the H and Pb, or 
the Cl and O of the adjoining 
molecules A and B—is less, as 
these like atoms are more distant 
from each other in the circular 
arrangement. It is obvious that 
the repelling atoms will be more distant the larger the circle, or the 
more nearly a segment of it approaches to a straight line. This 
arrangement of many pairs in a circle, being a condition of equi¬ 
librium, is a necessary one, and must take j)lace in all double decom¬ 
positions occurring in a li(|uid where the binary molecules are free 
to move. The formation of sucli polar circuits explains the ready 
occurrence of double decompositions; but it is of still more impor¬ 
tance, as being the simplest and most intelligible exhibition of a 
voltaic circle. 

Action of an acid vpon two metals in contact .—When a plate 
of zinc is plunged into hydrochloric acid, a chemical change of a 
simple nature ensues; the metal dissolves, combining with the chlorine 
of the acid and displacing its hydrogen, the gsis-bubbles of which 
form upon the zinc plate, increase in size, detach themselves, and 
rise through the liquor to its surface. I^hc solution of zinc, when 
effected by its substitution for hydrogen, as in this experiment, is 
attended by a train of extraordinary phenomena, which become 
apparent wlien a second metal, such as copper, silver, or platinum, is 
placed in the same acid fluid, and allowed to touch the zinc, the 
second metal being one upon which the fluid exerts no solvent action, 
or a less action than upon zinc. 

The zinc plate being connected by a metallic wire with a copper 
plate, as represented in fig. 64, and both dipped together in the 
hydrochloric acid, the zinc only is acted upon, and dissolves as rapidly 
as before; but much of the hydrogen gas now appears upon, and is 


(5) 

A 
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dischargJW from tlic surface of the copper platc^ 
and not from the zinc. The liydrogcn, being 
produced by the solution of the zinc, thus ap¬ 
pears to travel through the liquid from that 
copper metal to tlie copper. But no current or move¬ 
ment in the liquid is perceptible, nor any pheno¬ 
menon wliatever to indicate the actual passage 
of matter through the liquid in that direction. 
The transference of the hydrogen must take 
place by the propagation of a decomposition 
through a chain of particles of hydrochloric 
acid extending from the zinc to the copper, and may be conceived 
by the diagram on the margin, in which each pair of associated 

circles marked cl and h represents 
a particle of hydrocliloric acid. 
The chlorine cl of ])artic]e 1 in 
contact with the zinc combining 
copper'vith that metal, its liydrogen h 
combines, the moment it is set 
free, with the clilorine of particle 
2, as indicated by the connecting 
bracket below, and liberates the 
hydrogen of that particle, which hydrogen fortliwith combines with 
the chlorine of particle 3, and so on through a series of particles of 
any extent till the decomposition reaches the copper plate, when the 
last liberated atom of hydrogen (that of particle 3, in the diagram) 
not having hydrochloric acid to act upon, is evolved and rises as gas 
in contact with the copper plate. 

It is to be observed that this succession of decompositions and 
recombinations leading to the discharge of the hydrogen at the 
copper, does not occur at aU unless that plate be in metallic con¬ 
nexion with the zinc, by means of a wirc^, as in the figure, or by thc 
plates themselves toncliing without or within the acid fluid. This 
would seem to indicate that while the decomposition travels from 
the zinc to tlie copj)er through the acid, some force or influence is 
propagated at tlie same time through the wire, from the copper back 
again to the zinc. That something docs pass through the win; in 
these circumstances is proved by its being heated, and by its tem¬ 
porary assumption of certain electrical and magnetic properties. 
Whether anything material docs pass, or it is merely a vibration or 
vibratory impulse, or a certain induced condition that it is propa- 
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gated through the molecules of the wire, of which the electrical 
appearances are the effects, cannot be determined with certainty. 
But a power to effect decomposition, the same in kind as that 
occurring in tlie acid jar, and which acts in the same sense or 
direction, is propagated through the wire, and appears to be funda¬ 
mental to all the other phenomena. 

Let the wire, supposed to be of 
platinum, connecting the zinc and 
copper plates, be divided in the 
middle, and the extremities A and 
B of the portions attached to the 
copper and zinc plates respectively 
be flattened into small plates, and 
then dipped at a little distance from 
each other in a second vessel con¬ 
taining hydriodic acid. Iodine will 
soon appear at A, although that ele¬ 
ment is incapable of combining with 
the substance of the platinum, and hydrogen gas will appear at B. 
If the connecting wire and the small plates A and B were of zinc or 
of copper, the hydriodic acid would be decomposed precisely in the 
same manner, but the iodine as it reached A would unite with the 
metal and form an iodide. Supposing a decomposing force to have 
originated in the zinc plate, and to have circulated through the 
hydrochloric acid in the jar to the copper plate, and onwards through 
the wires and the hydriodic acid back to the zinc, as indicated by the 
direction of the aiTows, then the hydrogen of the hydriodic acid has 
followed the same course, and been discharged against the metallic 
surface to which the arrow points. 

The solution of the zinc in hydrochloric acid which developcs 
these powers, acting at a distance, is not itself imj)eded, but on 
the contrary is promoted by exerting such an influence : for, placed 
alone in the acid, that metal scarcely dissolves at all, if pure and 
uncontaminated with other metals, or if its surface has been silvered 
with mercury; but it dissolves with rapidity when a copper plate is 
associated with it in the same jar, in the manner described. Hence 
the decomposing power which appears between A and B camiot be 
viewed as actually a portion of that which causes the solution of the 
zinc in the hydrochloric acid, for that force has suffered no diminu¬ 
tion in its own proper sphere of action. 
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This combination of metals and fluids is known as the simple 
voltaic circle. 

To explain the phenomena of the voltaic circle^ the existence of a 
substantial principle, the electric fluid, has been assumed, of such a 
nature that it is readily communicable to matter, and capable of 
circulating through the voltaic arrangement, carrying with it peculiar 
attractive and repulsive forces w^hich occasion the decompositions 
observed. A vehicle w'as thus created for the chemical affinity wdiich 
is found to circulate. But it is generally allowed that tliis form of 
the electrical hypothesis has not received support from observations 
of a recent date, particularly from the great discoveries of Mr. Bara- 
day, which have completely altered the aspect of this department of 
science, and suggest a very different interprcitation of the phenomena. 
All electrical ])henomena wdiatover are found to involve the presence 
of matter, or there is no evidence of the independent existence of 
electricity apart from matter; so that these phenomena may really be 
exhibitions of the inherent properties of matter. The idea of any¬ 
thing like a circulation of electricity through the voltaic circle 
appears to be abandoned. Electrical induction, by which certain 
forces arc pro])agated to a distance, is found to be always an action 
of contiguous particles u])on each other, in which it is unnecessary 
to suiipose that any thing passes from particle to ])articlc, or is taken 
from one particle and added to another. The change which a 
particle undergoes takes place Avithin itself, and it is looked upon as 
a temporary development of different powers in different points of 
the same particle. The doctrine of polarity has thus come to be 
introduced into the discussion of electrical phenomena.* 

One reason lor retaining the theory of an electric lluid or fluids 
is, that it aflords the means of exjwcs.sing in distinct terms those 
strictly physical hnrs which are re]mted (dectrical; and for many 
pur]ioses such an hypothesis is nn(]ucstio7ial)ly useful, if not absolutely 
necessary; but it has nothing to recommend it in the dcscri})tion of 
the chemical phenomena of the voltaic circle. These admit of a 
perfectly intelligible statement, when viewed as an exhibition of 


• For Mr. Faraday’s views, tlic cliTvcnLli and snbscqncid. scric.s of his Ttesnarohes, in 
the Philosophical Iransactions for 1830, and the following years, may he referred to. 
He has favoured the scientific world with a reprint of the whole 8crie.s : Faraday’s Expe¬ 
rimental Researches in Electricity : R. and J. E. Taylor, London, 1830. Tlie subject is 
also systematically treated in the work of the late Professor Danicll, entitled an Inti'o- 
duction to the Study of Chemical Philosophy, which may be consulted with advantage. 
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ordinary chemical affinity, acting in particular circumstances, without 
any electrical hypothesis. 

Polarity of the arrangement .—It is to be assumed that the zinc 
and hydrochloric acid are both composed of particles, or molecules, 
wliioli are susceptible of a polar condition. Of hydrochloric acid, 
the chemical atom is tlic pohir molecule, and it therefore consists of 
an atom of chlorine and an atom of hydrogen associated together. 
The polar molecule of zinc may be supposed, for a reason which will 
afterwards appear, to consist of a pair likewise of associated atoms, 
wliich, however, arc in this body both of tlie same element. The 
powers appearing in a polar molecule of zinc and of hydrochloric acid 
are the same. One pole of cacli molecule has the basylous attrac¬ 
tion, or affinity, which is characteristic of zinc, or zincous attraction, 
and may bo called the zincous pole j while the other has the halo- 
genous attraction, or affinity, which is cliaracteristic of chlorine, or 
chlorous attraction, and may be called the clilorous pole. 

Zinc and acid in eoiilact may tlicrefore be re])resented (fig. G7) 

by trains of associated i)airs 
of atoms. In the molc- 
(jule of hydrochloric acid B, 
nhich is next the zinc, the 
chlorine atom forms tlie 
chlorous pole, and is turned towards the zinc, the iluidity of tluj acid 
allowing its molecide to take tJiat ])osition, which may be indicated 
by insci’ibiiig cl in tlu; circle which represents the chlorine atom. 
The otlier atom of the molecule B, or the hydrogen, is tin; 0 ])}X)sitc, 
or zincous pole, and is marked z. Of tlie two atoms forming the 
polar molecule A of the zinc, tlie extinior atom which is in contact, 
with the acid has thereby zincous attraction developed in it, and 
beeomc.s the zincous pole, whih' the interior becomes the chlorous 
pole, as indieated in both by the inscribed h'ttcrs. This polar 
condition of the zinc must be supjioscd the necessary and immediate 
cons(;qucm‘c of its contact witli the polar acid. 

But eacli of thesi; particles throws a train of [larticlcs of its 
own kind into a similar state of polarity ; A, the contiguous 
])articles E and I of the zinc, and B the contiguous particles 
(1 and D of the acid. Tor cl of A becoming a chlorous pole, 
dcvelopos near it. in an opposite', or zincous pole in c of E, 
and a chlorous jiole in cl, the move remote extremity of E ; 
in the same manner as the austral ])olc of a magnet devclo])os, 
by iuduction, a boreal and aust.ral ‘ ])ole in a piece of soft iron 
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applied to it. And as the induced magnet, tlius formed, will react 
upon a second piece of iron, and render it also magnetic, so the 
polarized particle E renders I similarly polar. The polar arrange¬ 
ment of the particles C and D of the acid is produced by B in the 
same manner. But as in a series of induced magnets (fig.* 59, 
page 236), the magnetism acquired diminishes with the distance 
from the pole of the original magnet, so in trains of chemically 
polarized molecules, such as A, E, I and B, C, I), the amount 
of polarity developed in each molecule will diminish wdth the distance 
from the sources of induction A and B; I being polarised to a less 
degree than E, and D than C. 

In the electrical theory of the voltaic circle as modified by 
Mr. Earaday, the zinc and hydrochloric acid arc equally sup]JOsed 
to have a polarizable molecule. The polarity is also developed in 
these molecules by their approximation or contact. The molecule 
of hydrochloric acid is supposed to coutaiii the positive and negative 
electricities, which possess contrary powers, like the two magnetisms, 
and are in combination and neutralize cacli other, in the non-polar 
condition of the molecule. But the contact of zinc causes the 
separation of the two electricities in the acid molecule, its atom 
of chlorine next the zinc becoming negative, and its atom of hydro¬ 
gen positive. The electricities of the zinc molecule are separated 
at the same time, the sid(5 of the molecule next the acid becoming 
positive, and the distant side negative, l^hc positive and negative 
sides of the two different molecules are thus in contact, the different 
electricities, like the different magnetisms, attracting each other. 
Hence, one side of each molecule is said to be positive instead 
of zincouSj and the other side to be negative instead of chlorous. 
Polarity of the molecule is supposed in both view^s, but on one view 
the polar forces are the two (dcctricitics, on tlie other two cliemical 
affinities. The difference between the two views is little more than 
nominal, for in both the same powers and i)roperties are ascribed to 
the acting forces. The electricities are supposed to he the cause 
of the chemical affinities, but it may with equal justice bo assumed 
that chemical affinities are the cause of the phenomena reputed 
electrical. One set of forces only is necessary for the explanation 
of the phenomena of combination, and the question is, whether arc 
these forces electrical or chemical ? Shall electricity supersede 
chemical affinity, or chemical affinity supersede electricity ? If the 
electricities should be retained, in discussing the voltaic circle, their 
names might well be changed, the positive called ziiicous electricity. 



SIMPLE VOLTAIC CIRCLE. 


245 


and tile negative chlorous electricity, which express (as will appear 
more clearly afterwards), the nature of the chemical affinities with 
which these electricities are invested, and of w^ch they are indeed 
constituted the sole depositories. The propagation of the effects to 
a distance is supposed to take place by the polarization of chains of 
molecules, on the electrical as well as chemical theory of the voltaic 
circle; so that the explanations wliicli follow, although expressed in 
the language of the chemical theory, are the same in substance as 
those which are given on the electrical theory as now understood. 

If the attractions of the respective zincous and clilorous poles 
of A and B which arc in contact, rise to a certain point, the 
atom of A is detached from the mass of metal, and combines with 
tlie atom cl of B, which last atom is disengaged at the same time 
from its hydrogen. Chloride of zinc is produced and dissolves in 
the liquid, while liydrogcn is disengaged and rises from the surface 
of the metal; or we have the ordiniiry circumstances of the solution 
of an isolated mass of zinc in liydrocliloric acid. 

SIMPLE VOLTAIC CIRCLE. 

Circle wilh the connecting wire unbroken .—When the zinc is 
])ure, or its surface amalgamated with mercury, the zincous and 
chlorous atfi’actions of the toucliing poles of A and B are not suf- 
ficicjitly intense to produce these cflccts, and combination does not 
occur. Let a copj)cr plate B G II (fig 68), be then introduced 

, Fig. G8. 

Connecting wire. 


y 

IE A B C D F GH 
Zinc. Copper. 

into the acid, and connected by a metallic wire H K I with the zinc. 
The particles of the acid assume chlorous and zincous poles as before; 
so idso do those of the zinc, and the chain of polar molecules is 
now continued tlirough the zinc and wire to the copper, the ex¬ 
terior particle E of which, it will be observed, comes thereby to 
present a chlorous pole to the acid. The contiguous particle D of 
acid is thus exposed to a second induction from the clilorous polaiity 
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of the copper, which increases the zincous polarity of the side of D 
next P, and, therefore, cooperates in enhancing the polar con¬ 
ditions already a^j^ned by the chain of acid particles extending 
between the two metals. An endless chain or circle of polar mole¬ 
cules symmetrically arranged is thus formed, such as exists in a 
magnet of which the poles are united by a lifter, in which every 
particle in the chain has its own polar condition elevated by induction, 
and at the same time does itself react upon and elevate the polar 
condition of every other particle in the chain. The result of this is 
that the primary attraction of the zinc atom c of A, for the chlo¬ 
rine, cl of the hydrochloric acid B, is increased, and attains that 
degree of intensity at which the resistance to the impending com¬ 
bination is overcome, and the z and cl of A and B unite. But 
in a circle of polar molecules, in which the cojidition of any one 
molecule determines and is determined by that of every other, the 
intensity of the polar condition is necessarily the same in every 
element of the circle. The clieinieal polarity, therefore, of the other 
particles forming tlie chain, must increase to an c([ual degree as 
with A and B, when the circle is com])leted, and the same clijinge 
must now occur in all of them that has occuiTcd in A and B. The 
pole of B next C is intensely zincous, while that of C next B is in¬ 
tensely chlorous, wlicnce the chlorine and hydrogen cl and ^ of tlicsc 
two particles combine together. At the same time, and for the same 
reason, the hydrogen ^ of C unites with the chlorine cl of ]); ainl 
so on, through a chain of particles of hydrochloric acid of any haigth, 
till the coi)per is reached, when the last acid particle, D in the 
figure, yields its hydrogen ^ to the chlorous pole of the co])per tl. 
But the hydrogen not heiny capaljle of comhininy perntanenthf 
with the copper, ift liberated an yas upon the surface of that 
metal. 

Some interiiEil change of a similar cliEiracter appears to take ])laco 
in the chain of polarized molecules extending through the metals 
themselves—a series of molecular detachments and re-attachments, 
among the atoms of their polar molecules, like the dccom])ositions 
and recompositions in the acid, causing evolution of heat and otlier 
phenomena, generally reputed electrical, which the zinc and copjier 
plates and the connecting wire exhibit. 

Amalyamation of the zinc plate. —The polar molecule of the 
metals has been assumed to contain two atoms (like that of Die 
acid), with the view of assimihiting these intestine changes in the 
solid to those occurring in the fluid portion of the voltaic circuil, and 
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also because it appears to account for the advantage of amalgamating 
the zinc surface. In the amalgamated plate, it is not zinc itself, 
but a chemical combination of mercury and zinc, which is presented 
to the acid, in which mercury is the negative dement, and which 
might, therefore, be called a hydrargyride of zinc. That combination 
likewise is fluid. It must constitute the polar molecule, Avhich will 
then consist of an atom of mercury as chlorous pole, and an atom of 
zinc as zincous pole, and not of two atoms of zinc. Such metallic 
molecules being capable of movement from their fluidity will place 
themselves, in forming a polar chain, with their unlike poles together, 
as the fluid acid particles arrange themselves. So that in an amalgam 
of zinc, of wliich A, E, and I, are polar molecules (fig. 68), all the 
atoms marked cl arc mercury, and those marked z are zinc. It thus 
follows that, when by contact with an acid the amalgam is polarized, 
it presents a face of zinc only to the acid. If the mercury were ex¬ 
posed to the acid, that metal would completely derange the result, 
acting locally like a copper plate;, as w'ill afterwards be explained. 
The previous combination of the zinc (with mercury) likewise pre¬ 
vents that metal from yielding easily to the chlorine of hydrochloric 
acid; and the zinc of the amalgam is, therefore, not dissolved, till 
the aflinitics are enhanced by the introduction of a copper plate into 
the acid, and the formation of a voltaic circle. 

It would thus appear that zinc, associated with copper, dissolves 
more readily in the acid than when alone, because the attraction or 
affinity of the zinc for chlorine is increased by the completion of a 
circle of similarly polar molccidcs, in the same manner as the 
magnetic intensity at one of the poles of a magnet is increased on 
completing the circle of similarly polarized elements, by connecting 
that pole by means of soft iron with the other pole (Eig. 62, page 
237). 

Although the terms of the electrical hypothesis are at present 
avoided, still it will be convenient to denominate the zinc, being the 
metal winch dissolves in the acid, the active or ponitice metal, and 
tlic copper, which does not dissolve, the inactive or ucf/atire metal 
of the voltaic circle. 

Looking to the condition of the twm connected metals in the acid, 
it will be observed that the surface of the zinc presented to the acid 
has zincous affinity, or is zinco-polar, but the surface of the copper 
presented to the acid has, on the contrary, chlorous affinity, or is 
chloro-polar. Such a condition of the copper is necessary to the 
propagation of the inductioii; and the advantage of copper or pla- 
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tinum as the negative metal in a voltaic arrangement depends upon 
there being little or no impediment to either of these metals assuming 
the chlorous condition, that can arise from the peculiar affinity of 
the metals named*for the chlorine of the acid; an affinity which 
tends to cause them to be superficially zincous instead of clilorous. 
If the second metal were zinc, the surface of it would be disposed to 
dissolve in the acid, and becoming on that account zincous, would 
induce a polarization in the intermediate acid in an opposite sense 
from that induced by the first plate of zinc ; which counter polarizing 
actions would mutually neutralize each other. The acid between the 
two zinc plates would be like a piece of iron connecting two like 
magnetic poles, which itseK is not then polarized. 

But if one of the two zinc plates w ere less disposed to dissolve in 
the acid than the other, from the physical condition of its surface, 
from the acid being weaker there, or fiibm any other cause, then the 
plate so situated might become negative to the other, and a voltaic 
circle of weak power be established, in which both metals were zinc. 

Imj)unty of the zinc .—If zinc is alone in the acid, and every 
superficial particle of the metal equally disposed dissolve, then the zinc 
everywhere exposes a surface in a state of zincous polarity j and a 
polar circle in the liquid, starting from one particle of the zinc and 
returning upon another, cannot be established, as tliis requires that 
a part of the zinc surface be chlorous. But if the zinc contairvs on 

its surface a single particle of copper, a chlo¬ 
rous pole is created, upon, which an inductive 
circle starting from an adjoining particle of zinc, 
A, (dg. 69), and passing through the liquid, may 
return as shewn in the figure. It is the forma- 
Acid.tioii of such circles tliat causes impure zinc, 
which is contaminated by other metals, to dis¬ 
solve so much more quicUy in an acid than the 
pure metal. Why such circles iwe not formed 
when the positive metal in combination with the 
zinc is mercury, which forms a fluid alloy, has 
already been accounted for; and the nature of the evil wliich might 
otherwise attend the amsdgamation of the zinc is now evident. 

The whole chain of polar molecules in the voltaic circle admits 
of a natural division into two segments, the acid or liquid segment 
BCD (fig. 68), and the metallic segment, A K P, eatjh of which 
has a pair of poles, the ludike poles of the two segments being 
opposed to each other. The pole at B of the acid portion is chlorous. 
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and is opposed to the zincoua pole at A of the metallic segment; 
while the pole of the Kquid segment at D is zincous, and is opposed 
to the chlorous pole of the metallic segment at F. The distribution 
of polarity in these two segments is, therefore, the same as in two 
magnets with their unlike or attracting poles in contact. 

Such, then, is the action of affinity by induction, which the mere 
introduction of zinc and copper in contact into the same acid liquid 
is sufficient to devclope, and which accounts for the discharge of the 
hydrogen upon the surface of the copper in such an arrangement, 
the remarkable phenomenon by a description of which this subject 
was introduced. 

Circle with the connecting wire broken ,—It remains for us to 
apply the same principles to explain the additional phenomena of the 
second case described, in which the connecting wire, supposed to be 
of platinum, between the zinc and copper plates, is divided, and the 
broken extremities introduced into hydriodic acid (fig. 68, page 245). 

Broken at any point, as at K, (Fig. 68), it is evident that if the 
polarised condition be still sustained, the portion of the metallic 
segment connected with the copper plate will terminate with a 
zincous pole at K, and that connected witli the zinc with a cldorous 
pole; which may be indicated respectively by K and L, in fig. 70. 


Fig. 70. 



When hydriodic acid is interposed between K and L, the breach is 
repaired by the polarization of a chain of particles of that acid. Tlie 
extremity K, being zincous, induces cldorous polarity in the side of 
the hydriodic acid particle which it touches; in consequence of which 
the iodine atom (the analogue of chlorine) of the hydriodic acid 
molecule is presented to that pole, and liberated there when decom¬ 
position occurs. The extremity L of the zinc or positive metal 
element is chlorous, and therefore induces zincous polarity in the 
particle of hydriodic acid which it touches, and hydrogen (the 
analogue of zinc) is liberated there. The polarity in an induced 
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circle must necessarily be of eqiuil intensity at every point in it, and 
being sufficient at A to cause tlie decom})osition of the hydrochloric 
acid, must also decompose the hydriodic acid between K and L; 
otherwise it is never established at A, nor anywhere else. 

In the present ari'angement, the voltaic circle is broken into four 
segments, or has four jiolar elements, cveiy terminal pole of which 
is in contact with a pole of a different name ; and the whole arrange¬ 
ment may be compared to a circle of four magnets with the attractive 
poles in contact. 


These elements are: —First, 
the zinc plate or positive me¬ 
tal, A Ij, of which the cud at 
A, in the liydrochloric acid 
(fig* 71), has ziiicous affinity, 
and the end faced with })lati- 
num fit L, in the hydriodic 
acid, chlorous affinity. 

Secondly, the body of hy¬ 
drochloric acid, A F, between 
the zinc and copper plates, of 
which the surface at A, in contact with the i)ositive metal, has chlorous, 
and that at F, in contact with the negative metal, zincous affinity. 

Thirdly, the copper or negative metal F K, of which the end at F 
in the hydrochloric acid has clilorous affinity, and that facetl with 
platinum at K in the hydriodic acid, zincous affinity. 

And fourtlily, the body of hydriodic acid, K L, between the 
zincous and chlorous poles of the negative and positive metals, of 
wliich the surface K, in contact with the negative metal, is chlorous, 
and the surface L, in contact with the positive metal, zincous. 

In every voltaic circle employed to produce decomposition these 
four elements arc to be looked for. Hereafte r, in adverting to any 
one of these elements, it will be sufficient to confine our notice to its 
terminal polarities or affinities, without recurring to the j)olarized 
condition of the element itself], upon which its terminal allinities 
dej)end. 


Fig. 71. 
Fluid. 



COMPOUND VOLTAIC CIRCLE. 

In both the arrangements described tiierc is oidy one source of 
polarizing force, namely, the action between the zinc and acid at A. 
But a circle of a similar nature may he constructed ciubracing within 
itself two or more of such primary sources of polarizing pow'cr, and 
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ri(j. 72. 



7Jncl 


the intensity of the polar condition of the whole circle be thereby' 
greatly increased. 

Figure 72 represents such a circle, in wliich there are two zinc 

plates, both supposed to be in contact 
with hydrochloric acid, namely at A 
and at C, and a copper plate attached 
\Zine2 these zincs. The polar 

condition of such a circle will easily 
be observed. By the contact of the 
acid and zinc at A, a zinoous pole 
is established there in the first zinc 
])latc, and a cldorous pole in the 
acid, wliich are so inscribed in the diagram. These occasion the 
formation of a chlorous ])olc at B in the first copper, the united zinc 
and cop])cr A B forming together one polar element; and a zincous 
liolc at B in the acid, the column A B of acid being the second polar 
element. The further elfcet of the induction is to produce a chlorous 
jiolc at B in the second copper, of which' the corresponding zincous 
pole is at C, in the second zinc; the united zinc and copper B C 
forming together a third polar element. And, as a last consequence 
of the inducing force originating at A, the column of acid between C 
and B becomes a fourth polar element of the circle, having a chlorous 
])olc at C and a zincous pole at B. Now it will be observed that 
t!ie chemical atfinity between the acid and zinc at C tends to ])roduce 
tlui same polar conditions at that ])oint as are already established 
Ihere from tlic clTcct of indiiction. The extremity of the zinc plate 
at C is in fact zincous, both primarily and by induction \ and the 
acid in contact with it chlorous, likewise both primarily and by 
induction; and geiujrally, throughout the whole circle, the polar 
couditions determined by the second chemical action at C are tlic 

same as those dcttmiincd by the 
first action at A. 

In the last arrangement, the in¬ 
ductive actions are in the same 
tlircciiou, and favour each otlier; 
but a circle may be; constructed in 
which the inductions, being in op- 
])osite directions, oppose and neu¬ 
tralize each other. Thus if A B 
Kiuid, (fig. 7 3) be entirely zinc, both its 

ext remities being cxi)oscd to acid, M'ill tend equally to be zincous. 
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In the same way, if B C be entirely copper, tlie condition of both its 
extremities will be chlorous, from the action of the acid on the two 
ends of the zinc; and, consequently, the elements of such a circle 
could have no polarity. 

A circle is represented in fig. 74, containing three sources of pola¬ 
rizing force. It consists of three alt(>nuitions of copper and zinc sym¬ 
metrically arranged, and forming three 
polar eieiiinnts I' A, B C, and D E, with 
three acid columns between these alter¬ 
nations, which form three additional 
polar elements, A B, C 1), and E F. 
The number of alternations of cojipcr 
and zinc with acid may obviously be 
increased to any extent, and the che¬ 
mical action of the acid on the zinc in 
each alternation is found to increase in 
a marked manner up to the number of 10 or 12 alternations. This 
increase of the affinity is undoubtedly owing to the favouring in¬ 
ductive action which the chemical actions at the difTercnt points have 
upon each other. Such a compound circle may be compared to a 
number of magnets disposed in a circle with their attracting poles 
together, of which each would have its magnetic intensity exalted by 
induction from all the rest. When such a circle is broken at any 
point, all chemical action and polarization cease till contact is again 
made, and the circuit completed. The polarization, too, being the 
result of a circular induction involving so many lines or chains of 
particles, cannot, when once established, be more or less at any one 
point in the circuit than at others. The resulting chemical action 
must, therefore, be every where equal in the circle, and consecjuently 
the same quantity of zinc be dissolved, and hydrogen evolved in each 
acid. 

If any metalHc element of this compound circle be broken, and a 
polarizable liquid be interposed between the metallic extremities so 
as to complete the circuit, decomposition occurs in that liquid as in 
the simple interrupted circle (fig. 70). But the polarizing influence of 
the compound circle being of high intensity, more numerous and 
difficult decompositions are effected by means of it than by the 
simple circle. The compound volhuc circle is indeed a decomposing 
instrument of great efficiency. 

If, in this arrangement, the position of one of the metals in the 
series be reversed, so that a zinc is where a copper should be;, thoi. 


Flo. 74. 
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by the action of the acid on that zinc, polarization in the wrong 
direction is occasioned, which greatly diminishes the general polarity 
of the circle, reducing it in an arrangement of ten alternations to one- 
fourth, according to Mr. Daniell. 

Voltaic battery .—In the first of the two annexed diagrams 
(f]g. 75) is represented a compound circle, such as is employed to 


Fio. 75. 



I)roducc decomposition, and called a voltaic battery, consisting of three 
acid jars, each of which contains a zinc and copper plate, and which 
are termed active cells, as they are sources of polarizing power, from 
tlic action of acid upon zinc which takes place in them. 

In the second diagram (fig. 7 6), the same arrangement is repeated. 


Fm 76. 



with the addition of a third jar, termed the decomposing cell, which 
contains any binary polar liquid, with two platinum plates immersed 
in it. Each copper, it will be seen, is connected by a wire with the 
following zinc j and, in the first diagram, the copper in the third cell 
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C" is immediately connected with the zinc in the first cell Z by a 
wire, and the circuit thus completed. The polar elements in the 
circle of the first diagram, it will be found, are six in number j namely, 
the three acid columns between the metals in the cells a b, c d, and 
e f\ and the three pairs of zinc and copper plates, each of which 
pairs forms a single polar element, of wliich the surface of the zinc is the 
zincous, and the surface of the copiicr the chlorous pole. In the 
second diagram, one of these metallic chmicnts Z C" is divided, and 
a polar liquid g h, in the cell of decomposition, interposed between 
the broken extremities PI and PI'. To ascertain the polar condition 
of the extremities, or the terminal platinum plates in the decomposing 
cell, it is to be observed that PI' with Z forms one polar clement, of 
which Z being a zincous pole, PV must be a chlorous pole. Again, 
PI with C" forms one polar element, of ivhich C" being a chlorous 
pole, PI must be a zincous pole. Now, the platinum plates PI and 
Pr, which are thus zincons and chlorous, arc disposed in the decom¬ 
posing cell, in regard to one another,—the first to tlic left, and the 
second to the right, as the zincous and chlorous plates (the zinc and 
copper) also are arranged in the active cells. It will be convenient 
to distinguish by names the poles which these terminal platinum 
plates constitute, as they arc much more fr(!(inonlly referred to, and 
of greater consequence than any other poles in the voltaic battm-y, 
when used as an instrument of decomposition, as it constantly is. 
The cldorons plate PI', which is in connexion with a zinc plate Z, 
may be called tlie cJtlondd (like chlorine), and the zincons plate PI, 
which is connected with a cojiper plate (1", may be called the ^^incoid 
(like zinc),—names which oxjness the virtual pro])erties of each plaice, 
or the particular attractive power and afiinity which each of them 
acquires from its place in the circle. 

When hydrochloric acid is the jiolar lirjuid interposed between these 
plates, chlorine is of course attracted by the surface of tlic zineoid, 
and discharged there ; and hydrogen by the face of the chloroid, and 
discharged upon that plate. On the electrical hy])otliesis, the same 
plates are variously denominated :— 

The zineoid. as the positive pole, the positive chictrodc, the anode, 
and the zincodc. 

The chloroid as the negative pole, tlie negative cUctrode, the 
cathode, and the platinode. 

The cell of decomposition thus interpolated in the voltaic (;ire]c is' 
an obstacle to induction, and reacts on tlic whole series, reducing the 
chemical action and evolution of hydrogen in eacli of llu^ active ci^lls 
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by at least one-thirrl. In tliat retarding cell itself, the amount of 
decomposition is necessarily the same as in the other cells. Mr. 
Danicll found the chemical action reduced to one-tenth in a series of 
ciglit active and two such retardii% cells; and entirely stopped by 
three retarding to seven active cells. 


OP THE SOLID ELEMENTS OF THE VOLTAIC CIRCLE. 

Tlie elements of a Voltaic Circle are obviously of two ditfereut Iqnds 
—tlie metals or solicl portions, through the substance of which che¬ 
mical induction is propagated without decomposition; and the liquids 
in the cells, which yield to the induction and suffer decomposition. 
Ill rcfcnaicc to the first, it is to be observed that, as only iron and 
one or two other metals of the same natmal family arc susceptible of 
magnetic jiolarity, so the susceptibility of clicmical polarity which 
appears in flic voltaic battery is not possessed by solids in general, 
but is confmed to the class of bodies to wdiich zinc belongs,—the 
metals, all of which ])Ossess it, with tlie addition of carbon in the 
form of idiarcoal, and certain nniallic sulphides, more particularly 
the sulphide of silver when heated. Weak solutions of the alkaline 
sulphides, containing an excess of sul]ihur, also admit of a feeble 
polarity without undergoing dccoin]iosition. The non-metallic ele¬ 
ments, with their compounds, the oxides and salts of the metals, arc 
destitute of this power, and cannot, th('reforc, be used as solid 
elements of the circle. A body uvailablc for this purpose is termed 
a coiKbictor on the cleelrical hyiiothcsis, a name w hich may be re¬ 
tained as it is not at variance w ith the funetioii assigned to the metals 
in the circle viewed as a cliemico-polar arrangement. Two dill'eroiif. 
metals arc combined in a circle, one of which is acted on by the 
lifjuid, and, thcrcfori', called the active or the positive metal; while 
the otlier is not acted u])on, and is, tlunefore, culled the inactive or 
the ncgjitive metal; and it has already been stated, that the more 
easily acted on by the licpiid, or the more highly positive the one 
metal, and the less easily acted upon, or more negative the other 
metal, the more prq})cr and efficacious is the combination. In the 
following table several of the metals are arranged in the order in 
which they aj)pcar j)ositive or negative to each other, when acted on 
by the acid fluids commonly employed in the voltaic battery. Each 
metal is positive to any one hedow it in the table, and negative to any 
one above it. 
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Most positive. 

Potassium. 

Sodium. 

MAganese. 

Zinc. 

Cadmium. 

Iron. 

Nickel. 

Cobalt, 

Lead. 

Tin. 

Bismuth. 

Copper. 

Silver. 

Mercury. 

Palladium. 

Carbon. 

Platinum. 

Rhodium. 

Iridium. 

Gold. 

Most neffativc. 

Zinc, which stands high in the list, is the only metal which can be 
used with advantage in the voltaic battery, as the positive metal. 
Although closely approaching zinc in the strength of its affinities, 
iron is Ul adapted for the purpose, from the impossibility of amalga¬ 
mating its surface, the irregularity of its structure, and certain pecu¬ 
liarities of this metal in reference to chemico-polarity. Platinum 
forms an excellent negative metal, from the w^eakness of its affinities, 
and is generally used for the plates in tlie ceU of decomposition. 
Silver also is highly negative, but copper is the only negative metal 
which from its cheapness can be used in the construction of active 
cells of considerable magnitude. 

Voltaic protection of metals .—But although the difference 
between two metals in point of affinity be very small, yet their 
association in the same acid always gives a decided predominance to 
the affinity of the more positive, by causing the surface of the other 
to become chlorous, and therefore wholly inactive in an acid fluid. 
A negative metal may thus be protected from the solvent action of 
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Ijitlierto always been supposed to be hydrochloric acid (chloride of 
hydrogen), and this compound is a fair type of the class of bodies 
which possess a polar molecule, and are available for the purpose of 
bringing these changes into play.’ The exciting fluid is always a 
aaline body in the general sense; that is, a binary compound of a salt- 
radical or halogen, such as chlorine, with a basyl, such as hydrogen or a 
metal. The cliiorideof copper, chloride of sodium, chloride of ammonium, 
or the chloride of any other basyl, may be substituted for hydrochloric 
acid, although not all with the same advantage; and the chlorides of 
basyls may be replaced by their iodides, sulphionides, (sulphates) 
nitrationides, (nitrates) and salts of other acids, as exciting fluids, 
provided they have the condition of liquidity, which gives mobility to 
their particles, and permits that disposition of them w^hich is assumed 
in a polar chain. The liquids which yield in the cell of decomposi¬ 
tion are of the same nature, possessing always a binary polar 
molecule, although the liquid which forms the best exciting fluid is 
not always the most easily decomposed in the decomposing cell. 

The positive metal which is exposed to the exciting fluid always 
acts in one way, displacing the basyl and combining with the halo¬ 
gen of that body j in the manner the zinc has been seen to liberate 
hydrogen and combine with chlorine, when hydrochloric acid is the 
exciting fluid. The positive metal is thus substituted for a similar 
basyl in a pre-existing saline compound. That metal may dissolve 
in another maimer, by uniting directly, for instance,. with free 
chlorine or iodine in solution, but then no polar chain is formed. 
Particles of chlorine may extend from the zinc to the associated 
negative metal, but not possessing a binary molecule they have no 
occasion to throw themselves into a polar chain in order to act 
upon the zinc, as the molecules of hydrochloric acid rcquiie to do in 
the same circumstances. The particles of these free elements appear to 
be incapable of that polar condition, having chlorous affinity on one 
side and zincous on the other, of which both the solid and liquid 
constituents of the voltaic circle must be susceptible. Judging 
from the uniformity in composition of exciting liquids, their capacity 
to form polar chains depends on their consisting of an atom of basyl 
and an atom of salt-radical, which are respectively the locus of 
zincous aud chlorous affinity or polarity. Such molecules may be 
looked upon as in a state of tension when forming a part of a polar 
chain, each about to divide into its chlorous and zincous atoms. Mr. 
Paraday had established that all exciting liquids are binary compounds 
of single equivalents of salt-radical and bsisyl, or proto-compounds^ 
such as hydrochloric acid itself, proto-chloride of tin, &c. Other 
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saline bodies which are per~compoundsy such as bichloride of tin, 
are not exciting or polar, because, as may be supposed, they are 
not naturally resolvable into a chlorous and zincous atom, but into a 
chlorous atom and another salt; the bichloride of tin, for instance, 
into chlorine and proto-chloride of tin. Certain compounds, which 
are deficient in the saline character and not polarizable, such as 
chloride of sulphur, and the liquid chlorides of phosphorus and 
carbon, have been enumerated as exceptions to this rule. None of 
these bodies, however, is really a proto-compound. 

The zinc or positive metal, too, always forms a proto-compound in 
dissolving, which is a saline body. The order of the chemical 
changes in the excitmg fluid therefore is as follows:—The zinc in 
decomposing a binary compound and forming a binary compound 
liberates an atom of its own class; which atom repeats the same 
actions; supplying at the same time another atom of the same kind 
to act in the same manner, and that another, from the zinc to the 
copper plate. The combining bodies arc alw ays a basyl and a salt- 
radical, and therefore only two kinds of attraction or affinity are at 
work throughout the chain, those of a basyl and a salt-radical, tlic 
vivneon.?. and chlorous affinities. Hence, in the present subject of 
chemical polarity, we have to deal with but two attractive forces, the 
zincous and the chlorous, as in magnetism wuth but two magnetic 
forces, the austral and the boreal. 

On the electrical hypothesis, a body which is thus decomposed in 
the active cells, or in the cell of decomposition, is called an electrolt/ie 
(decomposable by electricity), and tliis kind of decomposition is 
distinguished as electrolysis. The two elements of an electrolyte, 
which travel or are transferred in opposite directions, in its decompo¬ 
sition have been named ions (from ’itav, going); the halogen which 
travels to the positive metal or terminal, the anion (going upwards), 
and the basyl, wliich is transferred to the negative metal, or terminal, 
the cation (going downw^ards). Strictly chemical expressions equi¬ 
valent to the former w-ould be zincolyte and zincolysis^ the d<;com- 
positions throughout the circle being referred to the affinity of zinc 
or the positive metal. 

The characters of the two constituents of an electrolyte may be 
shortly noticed. The class of basyl constituents is composed of the 
metals in their order as positive metals, beginning with potassium, 
and terminating with mercury, platinum, and the less oxidable metals. 
Ammonium has a claim to be introduced high in this list, and 
should probably be accompanied by the analogous basyl of the 
aniline class of bases and of the vegeto-alkalies, although iu respect 
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to the decomposition of their salts in the voltaic circle, we have 
little precise information. Hydrogen likewise finds a place near 
copper in this class. 

At the head of the halogen constituents of electrolytes may be 
placed iodine and the other members of the chlorine family. These 
are followed by the halogens of the sulphates, nitrates, carbonates, 
acetates, and other oxygen-acid salts. Sulphur must be allowed to 
follow the last, as the salt-radical of the soluble sulphides, and the 
lowest place be assigned to oxygen, as the salt-radical of the soluble 
metalhc oxides; of oxide of potassium, for instance, and of water. It 
is unusual to speak of oxygen as a salt-radical, and of caustic potash 
and water as salts, but the binary theory of salts recognizes no 
essential difference between the chloride, sulphionide, and oxide of 
a basyl, the oxide being connected with the more highly saline 
compounds through the sulpliide, and the list of salt-radicals forming 
a continuous descending scries from iodine to oxygen. 

The facility of decomposition of different eleetrolytes appears to 
depend more upon the high place of their salt radical, than upon the 
nature of their other constituent. The iodides, for instance, as 
iodide of potassium and hydriodic acid, are the most easily decom¬ 
posed of all salts, yielding to the polar influence of the single circle. 
Then follow the chlorides,—cldoride of lead, fused by heat, yielding 
to a very moderate power. After these the salts of strong oxygen 
acids, such as sulphates and nitrates either of strong bases, such as 
potash and soda, or of weak bases, such as oxide of copper and water 
(the hydrated acids are such salts). The carbonates and acetates, 
wliich have much weaker salt-radicals, are still less easily decomposed, 
and finally oxides arc decomposed with great difficulty. Water 
itself is polarized with such extreme difficulty, and decomposed when 
alone to so minute a degree, ev'en by a powerful battery, as long to 
have left its claim uncertain to be considered an electrolyse, w’hen in 
a state of purity. 

Widely as the more characteristic halogens and basyls differ, still 
the classes pass by imperceptible gradations into each other, and form 
portions of one great circular series. Mercury and the more negative 
metals, although cleai'ly basyls, appear at times to assume the salt- 
radical relation to the highly positive metals; such a character is 
evinced in mercury, by the energy with wliich it unites with sodium 
and potassium, and by its function in the amalgamated zinc plate of 
the voltaic circle. So that the salt-radical or basyl character of a 
body is not absolute, but always relative to certain other bodies. 
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The addition of a salt or acid, even in minute quantity, to water 
in the cell of decomposition, causes the copious evolution of oxygen 
and hydrogen gases at the zincoid and chloroid, and is therefore 
often spoken of as facilitating, by its presence, the decomposition of 
the water, in some way wliich cannot be explained. But the pheno¬ 
mena are iiiiatteuded with difficulty on the binary theory of saline 
bodies. When sulphate of soda exists in the water of the decom¬ 
posing cell, it may be sulphionide of sodium which is decomposed, SO4, 
the sulphate radical being evolved at the zincoid, and sodium at the 
chloroid. But the sodium having a strong affinity for oxygen reacts 
upon the water at the pole, forming soda and liberating hydrogen, 
which therefore appear together; while SO 4 having, as a high salt- 
radical, a powerful affinity for hydrogen, likewise decomposes water, 
and thus evolves oxygen, which, with a free acid, appears at the 
zincoid. A solution of chloride of sodium is decomposed in tlie 
same manner, its elements clilorinc and sodium being attracted to 
the zincoid and cldoroid respectively, but neither of these elements 
appearing as such. Both decompose water, and thus produce oxygen 
with hydrocliloric acid at the zincoid, and soda with hydrogen at the 
chloroid. It has indeed been ascertained that the polar influence 
which ajjparently effects two decompositions in these circumstances, 
namely, that of water into oxygoTi and hydrogen, and of a salt into 
its acid and alkali, is no more in quantity than is necessary to 
decompose one of these bodies, the circulating power being measured 
by the quantity of fused chloride of lead decomposed in another part 
of the circuit (Daniell). There can be little doubt, then, that only 
one binary compound is immediately decomposed, and that the two 
sets of products which appear at the terminals are the results of 
secondary decomposition. Indeed, the decomposition of salts iji the 
voltaic circle is supposed to afford considerable support to the salt- 
radical theory of these bodies (page 186). 

Certain salts form a polar cliain, or conduct, without undergoing 
decomposition, in a way which cannot at present be explained, par¬ 
ticularly the iodide of mercury and fluoride of lead, both fused by heat. 
According to recent observations of M. Mattcucci mauyotherfused salts 
conduct to a greater extent than is indicated by their decomposition. 

{Secondary decompositions .—^Tlic products of voltaic action arc 
frequently of the secondary character just described, the original 
products being lost from their reaction upon the liquid in which they 
are produced, or upon the substance of the metallic terminals. Thus, 
salts of the vegetable acids often afford carbonic acid, and salts of 
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ammonia nitrogen, instead of oxygen, at the positive terminal or 
zincoid; the oxygen liberated liaving reacted upon the combustible 
constituents of these bodies. Nitrates, again, may afford nitrogen, 
or nitric oxide, at the negative terminal or chloroid, in consequence 
of the oxidation of the hydrogen evolved there. The nascent con¬ 
dition of the liberated elements favours such secondary actions. 
Wlien the zincoid is composed of a positive metal, such as zinc 
itself or copper, the chlorous element is absorbed there, combining 
with the metal. The decomposition of a salt is also then much easier, 
the action of the circle being greatly assisted by the proper affinity 
of the matter of the zincoid for a chlorous body. Indeed, when 
two pieces of the same metal communicate by means of one of its 
salts, the phenomena are the same as if the metallic circuit were com¬ 
plete (Faraday). Insoluble sulpliides, chlorides, and other compounds 
of a positive metal acting as the zincoid, have thus been slowly pro¬ 
duced in a single circle with a weak exciting fluid; which product shave 
exhibited distinct crystalline forms, resembling natural minerals, not 
otherwise producible by art. The liydrogcn evolved upon a platinum 
chloroid, immersed in the solution of a copper or iron salt, may also 
reduce these metals upon the surface of the platinum, in the form of 
brilliant octahedral crystals. In the active cells themselves a secondary 
decomposition is apt to occur, the hydrogen evolved decomposing 
tlic salt of zinc wliich accumulates in the liquid, and occasioning a 
deposition of that metal upon the copper plate ; an occurrence which 
may determine an opposite liolarity, and cause the action of the circle 
to decline. But on disconnecting the zinc and copper plates, the 
foreign deposit upon the latter is quickly dissolved off by the acid. 
The inconvenience of tliis secondary decomposition in the exciting 
cells is avoided by dividing the cell into two compiutments, by a 
porous plate of earthenware interposed between the zinc and copper 
plates. The salt of zinc formed about that metal is prevented from 
diffusing to the copper, by the diaphragm, although it allows, from 
its porosity, a continuity of liquid polar molecules between the metals. 

Two polar liquids separated hy a porous diaphragm .—^The 
liquids on either side of the porous division may also be different, 
provided they have both a polar molecule. Thus, in fig. 79, the 
polar chain is composed of molecules of hydrochloric acid, extending 
from the zinc to the porous division at«; and of molecules of cliloride 
of copper, from a to the copper plate. When the Cl of molecule I 
unites with zinc, the H of that molecule unites with the Cl of molecule 2 
(as indicated by the connecting bracket below), the H of molecule 2 with 
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tlie Cl of molecule 8 , the Cu of molecule 3 witli the Cl of molecule 4, 
and the Cu of this molecule, being the last in the chain, is deposited 


Pig, 79. 



Copper 


upon the copper plate. Dilute sulphuric acid, in contact with an 
amalgamated zinc plate, and the same acid fluid saturated with sul¬ 
phate of copper, in contact with the copper plate, are a combination 
of fluids of most frequent application. In such an arrangement, the 
formation of small gas bubbles upon the negative plate, which makes 
its contact with the acid fluid imperfect, is avoided; and the surface 
of that plate is kept clean and entirely metallic by the constant de¬ 
position of fresh copper upon it. The copper is deposited in a 
coherent state, and forms a plate, wliich may be stripped off from 
the original copper after attaining any desired degree of thickness,— 
and presents an exact impression of the surface of the latter. In the 
operation of electrotypingy the article to be copied is so placed in a 
copper solution as the negative plate of a voltaic pair, being first 
made conducting, if not metallic and already so, by rubbing its sur¬ 
face over with fine plumbago. With a negative plate of platinum, 
undiluted nitric acid may be used in the place of the acid solution of 
copper in the last arrangement, with oil of vitriol, diluted with four 
or five times its bulk of water, about a positive plate of amalgamated 
zinc. The polar molecules will be, on the binary theory of salts, 
NOg+H, in the former, and SO 4 + H, in the latter fluid. The 
hydrogen is also here entirely suppressed at the negative plate, 
uniting with the fifth equivalent of oxygen in nitric acid to form 
water, which is attended with the evolution of peroxide of nitrogen, 
•NO 4 . The solution of the zinc, with such an arrangement of fluids, 
appears to give the most intense polarization that can be attained. 

A 2 >plicaiion of the voltaic circle to chemical synthesis.-— 
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The liquid in the decomposition cell may be divided by a porous 
diaphragm placed between the platinum plates, which form the 
zineoid and the chloroid in a similar manner, and the synthetical 
results of the voltaic action be had more readily apart from each 
other. With a solution of chlorate of potash between the plates, 
it is found that the oxygen, instead of being evolved at the posi¬ 
tive pole as gas, is communicated to the chlorate of potash there, 
and converts it into perchlorate (Berzelius). In a solution of 
chloride of potassium, even when rendered acid by sulphuric acid, 
chlorate, and afterwards perchlorate of potash were found at the 
positive pole (Kolbe). A concentrated solution of chloride of am¬ 
monium evolves hydrogen at the negative pole ; but neither oxygen 
nor chlorine at the positive pole. But the surface of the platinum 
plate representing the latter pole is covered with small, yellow, oily 
drops of chloride of nitrogen, which, as soon as the two poles are 
brought into contact, decompose with explosion (Kolbe). A solu¬ 
tion of the yellow prussiate of potash is converted into the red 
prussiate by the action of the oxygen at the positive pole (Smee). 
Dr. Kolbe oxidized the cyanide of potassium in the same manner, 
and converted it into cyanate of potash, but did not succeed in ob¬ 
taining a percyanate: nor did he succeed in forming a fluorate of 
potash from the fluoride of potassium by the same means,* The de¬ 
composition of a concentrated neutral solution of valerianate of potash 
in the cold gave a gaseous carbo-hydrogen, Cg Hg, of double the 
density of olefiant gas, and what appeared to be a new ether, con¬ 
taining C-j H2 less than amylic ether. Such transformations from 
the scries of one alcohol to that of another are of great importance, 
and the attaining them by voltaic action highly interesting. Six 
pairs of Bunscu^s carbo-ziiic battery were employed in these decom¬ 
positions, and the action continued for several days.f 

Trmiaference of ttie ions. —^Ai\^ith a double diaphragm cell, in wliich 
tlie liquid between the poles was divided into three portions, Messrs. 
Daniell and Miller were enabled to make some singular observations on 
the transfer of the ions and their accumulation at the poles. With a 
neutral salt of the potassium family (such as sulphate of soda), for one 
equivalent of salt decomposed, half an equivalent of free acid is added to 
the division of the cell containing the positive pole, and half an equiva¬ 
lent of free alkali to the division containing the negative pole—the 


* Wemoira of the Chemical Society, vol. iii. p. 287. 
t Kolbe, ibid. p. 378. 
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amount of transference which the polar decopaposition requires ; but, 
with a salt of the magnesian family (such as sulphate of zinc), while 
the acid travels as usual to the positive pole and accumulates there, 
no corresponding transference of oxide of zinc takes place in the 
opposite direction. This seems to imply that water travels, as base, 
instead of oxide of zinc. All the magnesian salts retain one equiva¬ 
lent of water very strongly; and, in the polar chain, probably assume 
this water as their base, so as to become equivalent to hydrated acids 
in solution. In the decomposition of salts of oxide of ammonium, 
the ammonia also appears passive, and does not move towards the 
negative pole, although the acid of the salt travels as usual towards 
the positive pole. The water, which is essential to the salts of oxide 
of ammonium, appears to be here again the base which travels; and 
in a polar chain extending through a salt of ammonia, such as the 
sulphate of ammonia, we have probably sulphate of water as the j)olar 
molecule; the ions being SO4 and H; not SO4 and NII4.* 

Voltaic endosmosc .—It was first observed by Mr. Porrett, that in 
the decomposition cell, divided into two chambers by a permeable 
diaphragm of wet bladder or porous earthenware, the liquid tends to 
pass from the chamber containing the positive terminal plate into 
that containing the negative terminal, so as to rise at times several 
inches in the latter above its level in the former (iVnnals of Philo¬ 
sophy, 1816). This accumulation of liquid at the negative pole is 
only considerable with litiuids of an inferior eonducting power, that 
is, of ditFicult decomposition, and is greatest in pure water. 

The transfer takes place of a large quantity of water with the 
hydrogen to the negative pole, as if the ions were O on the one 
side, and H -|- Water on the other. In a polar molecule, such as 
this implies, we must have an aggregation of many atoms of water 
forming one compound polar atom. Let us suppose six atoms of 
water associated H 5 Og ; tlie polar molecule will be Hg O5 + O, in 
which Hg O5 is the basyl, and O the salt-radical. Taking advantage 
of the graphical representation of such a compound molecule by a 
polar formula (page 204), in which the letters exhibit the relative 
position of the constitutent atoms, we have— 

1 2 3 4 6 6 

Positive Pole. _ O O O Q O Negative Pole. 

H II II II II H 

* Professors Banicll and Miller, “ On the Electrolysis of Secondary ComjKtunds,” in 
the Philosophical Transactions, 1844. 
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The oxygen 1 is alone attracted by the positive metal or pole with 
which it is in contact, while hydrogen (1) being so far relieved from 
the attraction of its own oxygen, comes under the influence of oxy¬ 
gen 2, 3, 4, 5, and 6. As the salt-radical O (1) separates we have 
thus the temporary formation of the basylous atom— 

O O O O O O5 

H II II H II Hg' 

But instead of involving six atoms of water, as in tliis illustration, 
the compound polar molecule may embrace hundreds or thousands. 
It will always be represented by Hn On_i + O; Hn On—i being the 
basylous atom which is transferred to the negative pole, and O the 
salt-radical atom which is transferred to the positive pole. It ap¬ 
peal's to be by a polarization of this sort that, in bad conductors, 
mass compensates for conducting power; as in the return current of 
the electric telegraph through the earth, where the resistance is 
found to be even less^thau in the metallic wires; indeed, quite in¬ 
appreciable. 

It is found by Mr. J. Napier that the passage of a salt without 
decomposition, such as sulphate of copper, from the positive to the 
negative division of the decomposition cell, may take place inde¬ 
pendently of the water in which it is dissolved, and to a greater 
jiroportional amount (Mem. Chem. Soc. ii. 28). This unequal move¬ 
ment of tlie salt and water proves that the phenomenon is not simply 
a flowing of the liipiid towards the negative pole; and it allows us 
to suppose that an aggregate polar molecule may be formed of many 
atoms of a salt, as well as of water. It is only in dilute saline so¬ 
lutions that the voltaic ciidosmosc is perceptible. 


VOLTAIC CIRCLES WITHOUT A POSITIVE METAL. 

If we dip togetlicr into an acid fluid two platinum plates, ouc 
clcaii, and the other coated with a film of zinc or highly positive 
metal, wc have the speedy solution of the positive metal by the usual 
polar decomposition,and hydrogen transferred to the opposite platinum 
plate. It appears that hydrogen, sulphur, phosphorus, and various 
other oxidablc suhst-ances, will originate a polar decomposition in 
water or a saline fluid, wlicn associated with platinum, in the same 
manner as the zinc is in the last experiment; and circles may thus 
be formed without a positive metal. The non-metallic but oxidable ele- 
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ments enumerated cannot be substituted in mass for zinc or the 
positive metal, because they are non-conductors; but in the tliinnest 
films they are not so, if tre may judge from experiments of this kind, 
and become quite equivalent to metals. Parther, with clilorine or 
any other strongly halogenous element dissolved in water, and placed 
in contact with one of the platinum plates, while the other is clean, 
we may have a polarization originating with the chlorine, and causing 
the transfer of the oxygen or salt-radical of the interposed water, or 
saline fluid, to the clean platinum. Nothing like this is witnessed 
in the voltaic combination of two metals; it is equivalent to an ac¬ 
tion in which the copper or negative metal originated the polariza¬ 
tion by its affinity for the hydrogen or basylous constituent of 
the polar liquid. 

1. With hydrogen gas dissolved in the acid fluid of one chamber 
of the divided cell, and air or oxygen in the other, polarization oc¬ 
curs on uniting the platinum plates, attended \vith t he oxidation of 
the hydrogen and disappearance of both gases (Schoiibein). View¬ 
ing this arrangement as a simple circle, consisting of a liquid and 
mctalhc segment (i)age 245), we have to consider particularly the 
composition of the terminal polar molecules at either end of the 
metallic segment—platinum with hydrogen must form the one at 
the positive pole, and platinum with oxygen the other at the nega¬ 
tive pole:— 

(1) Pt H.O Pt 

— -f acid — -H 

These arc equivalent to the external molecules of the two metals, 
zinc and copper, in the usual voltaic arrangement, wliich are composed 
in that case of two atoms of zinc on the one side, and two atoms 
of copper on the other (fig. 68, page 245) :— 

(2) Zn Zn.Cu Cu 

— -f acid — -f- 

Thc peculiar superiority of platinum, as the single metal, in ar¬ 
rangements of the present class, depends upon its strictly intermediate 
character between basyls and halogens, so that it lends itself to form 
a polar binary molecule equally with hydrogen or oxygen in (1),— 
with both basyl and salt-radical. 

The intermediate Hquid (the acid) must be a binary compound as 
usual. Here the positive hydrogen combines with the salt-radical 
of that binary compound, and sends its hydrogen or basyl to the second 
or opjmsite plate; while the oxygen at that plate decomposes the 
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binary liquid also, sending back oxygen or salt-radical to the hydrogen 
of the first plate. There are, therefore, two concurring polarizations 
in every polar chain, tending to bring about simultaneously the same 
combinations and decompositions throughout the circle: hydrogen 
enters into combination on the one side, and oxygen on the other, in 
one and the same polar chain. The union of concurring primary 
zincous and chlorous polarizations, exhibited in such an arrangement, 
offers a new means of increasing polar intensity, entirely different 
from the multiplication of couples in the compound circle, of which 
the application will be fully observed afterwards in the nitric acid 
battery of Mr. Grove. The temporajjy combination of hydrogen 
with copper, the former as the basylous and the latter as the halo- 
genous element of one polar molecule, wliich it is necessary to as¬ 
sume in explaining the circular polarity of the ordinary voltaic circle 
(page 246), is quite in accordance with the relation of hydrogen to 
platinum in the present circles. 

2. A circle of still higher power is formed with chlorine gas, dis¬ 
solved in the negative chamber, against hydrogen in the positive 
chamber of the divided cell. Here the terminal polar molecules of 
the metallic segment are :— 

(3) Pt H . . . Cl Pt 

— + — + 

3. Injlammatiou of mixed hj/droffen and oxygen hy platinum.. 
—There is every reason to believe that the remarkable action of clean 
platinum, both in the form of a plate and of platinum sponge, in dispos¬ 
ing m miicture of oxygen and hydrogen in the gaseous state to unite, 
is the same in nature as its action upon these elements liquefied and in 
solution in water. In the former, as in the latter case, a polar chain must 
arrange itself in the platinum mass, of which one terminal molecule 
is ]>latinide of hydrogen, and the other oxide of platinum (3). A less 
certain point is, whether the chain is completed by the interposition 
of a binary molecule of water already formed, between the polar 
II and O; or these atoms come immediately into contact, and close 
the circle, without the intervention of any compound polar molecule. 

4. Gas-hattery .—^The gas-battery of Mr. Grove belongs to this 
class of voltaic arrangements. It is essentially an appar.atus in which 
a supply of both negative and positive gas is kept over the liquid 
at each plate, to supply loss by absorption. A simple circle consists 
of a bottle (fig 80.) containing a dilute acid, with two tubes filled 
with oxygen and liydrogcn respectively, and placed in two open- 
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ings in the bottle. The platinum 
plates contained in these tubes are 
made rough by adhering reduced 
spongy platinum, which enables 
them also to retain the better on 
their surface a portion of the acid 
fluid into which they dip. The 
two plates are connected by a wire 
above the tubes, which is repre¬ 
sented in the figure as carried round 
a magnetic needle, to obtain evi¬ 
dence of polarization in the wire. 

Here, as in (2), the gases only act 
when in contact with the platinum 
surface and taking a part in the 
terminal polar molecule, and also 
when covered by liquid, which is 
necessary to complete tlie polar 
chain between the terminal polar 
molecules on each side. The gases 
in the tubea are supplementary, 
and do not take a part in the polar 
chain. The modifications of this battery, w’lierc, instead of hydro¬ 
gen gas, sulphur or phosphorus, vaporized in nitrogen gas, or a 
gaseous liydro-carbon, is placed at the positive pole, are of the same 
character, and only act by supplying a film of an oxidable body,. 
such as sulphur, or phosphorus, to the surface of the platifium, 
capable of forming the positive element of a polar molecule with 
that metal. This, again, must be covered by the binary acid fluid, 
in order to communicate by a polar chain with the oxygen of the 
terminal molecule of platinum and oxygen in the negative chamber 
of the divided cell.* 

5. Closely resembling these circles is that in which one of the 
platinum plates is covered by a film of peroxide of lead or peroxide 
of manganese. The platinum plate may be so prepared by making 
it the negative terminal for a short time in a solution of acetate of 
lead or of protosulphate of manganese. In an acid fluid, which is 
capable of dissolving the protoxide of lead or manganese, polarization 
occurs, the excess of oxygen of the attached peroxide forming with 
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same kind; thus dissolving the ottraetion of aggregation in the 
metal, and resigning the external atom of zinc entirely to the attrac¬ 
tion of the equally relieved chlorine. It is entirely, therefore, because 
the agent applied to the zinc is a binary compound, and not a free 
element, that this circular mode of action is necessary. 

It is- to be remarked in explanation of the facility with which the 
mutual combinations and decompositions in a circular chain occur, 
that they do not necessarily consume any power or occasion waste of 
force. They may be compared to the movement of a nicely balanced 
beam on its pivot, or the oscillation of a pendulum, in which the 
motion is equal in opposite directions, and requires only the 
minimum of effort to produce it. 

I^rther, it is not to be supposed that ziqc dissolves by a circular 
action of affinity, only when a negative metal is attached to it, and 
a voltaic circle purposely constructed. For tliis positive metal never 
appears to dissolve in hydrochloric acid in any other manner; the 
formation of little polar cir<des in the fluid, starting from one point 
of the metallic mass and returning upon another, being always re¬ 
quired for its solution (page 268). In the solution of zinc, there¬ 
fore, by a binary saline body, such as hydrochloric acid, the circular 
or voltaic polarization-is the necessary, as well as the most effective 
mode of action of chemical affinity. 

The molacular condition of conductors, such as carbon and the 
metals, in a voltaic circle, appears to be that of polymeric combina¬ 
tion. Their atoms must be feebly basylous and chlorous to each 
other; tlie distinction possibly dependii^ upon inequality in their 
proportions of combined heat, and maintain tlte relation of combi¬ 
nation. Again, many of these binaiy molecules are associated together 
like the many similar atoms ^bon, or of hydrogen, which we find 
associated in the polymeric hydrocarbons. The whole must be held 
togctlier by their chemical affinities, and the ag^egatibn of ilie mass 
be the Anal resultant of the same attractions. The detemmiation of 
the polar condition in two metals, by the mere application of heat or 
cold to their junction, requires the assumption of the sali-molecular 
structure of metals; and the other proportion, that affinity pass^ 
into aggregation, is equally necessary to account for the polar (or 
electrical) effects which are produced by friction or abrasion, as they 
appear to extend to the division of chemical molecules. 

The cumulative natmre of chemical combination is well illustrated 
in such compounds as the acid hydrates—' dilute sulphuric add, 
for instance, where we find an atom of acid uniting with more 

T 
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and more atoms of water, with a decreasing affinity, but without any 
assignable limit to their number. It is worthy of remark that the 
acids are bodies with chlorous or negative atoms, and their peculiar 
affinity in excess. The polar formula for sulphuric acid (page 205) 


O, 


is j or three negative to one positive atom. By the apposition 


S 


of a single binaiy molecule of water, sulphate of water is produced, 

~——, in which the excessive proportion of chlorous atoms and 
S H 

affinity in the compound is in some degree diminished, the formula 
of the latter presenting four negative to two positive atoms. 
The apposition of more and more molecule^ of water is deter¬ 
mined by this excess of chlorous affinity, wliich it tends to neu¬ 
tralize ; the constant difference, or excess of two chlorous over the 
number of basylous atoms, becoming proportionally less with 
large numbers of added molecules of water. All the magnesian 
bases appear to assume water to assist in neutralizing their acid 
in the same manner, and retain one equivalent of this water 
in general very strongly. In the formation of a polar chain through 
a solution of a sulphate of this class, we have had reason to sup¬ 
pose that the sulphuric acid applies itself, for the time, to the water 
rather than the metallic oxide as its base (page 265). The phenomena 
of voltaic endosmose were also found to favour the idea of the po¬ 
larization of liiglily aggregated molecules, in which the binary mole¬ 
cule was represented by a single atom of chlorine or salt-radical, 
against a single atom of hydrogen or metal associated with a large 
number of atoms of water, which constituted together the basylous 
atom. The application of polar formulje to the explanation of voltaic 
decompositions of all kinds would, I beh’eve, more correctly express 
the molecular changes that occur, than the usual assumption of the 
binary division of the compound body, in an absolute manner, into 
a basylous atom and a fictitious group forming a halogen body. 


GENERAL SUUMARY. 

1. In a closed voltaic circle, a certain number of lines or chains 
of polarized molecules is established, each chain being continuous 
round the circle. Hence the polar condition of the circle must be 
every where the same. The same number of particles of exciting 
fluid are simultaneously polar upon the surface of every zinc plate in 
the active cells, and also upon the surface of the zincoid in the cell 
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of decomposition, and the consequent chemical change, or decompo¬ 
sition occurring, is of the same amount in all the cells in the same 
time. Tliis equality in condition and results is essential to a circular 
polarization, such as exists in the voltaic circle. 

The number of polar chains that can be established at the same 
time in a particular voltaic arrangement, is obviously affected by 
'^veral circumstances:— 

(1) By the size of the zinc plate: the number of particles of zinc 
that may be simultaneously acted upon by the exciting fluid being 
directly proportional to the extent of metaUic surface exposed. 

(2) By the nature and accidental state of the exciting liquid, 
some electrolytes being more easily acted on by the positive metal 
than others j while the state of dilution, temperature, and other cir¬ 
cumstances, may affect the facility of decomposition of any particular 
electrolyte. 

(3) The adhesion of the gas bubbles of hydrogen to the copper 
plate, at which they are evolved, interferes much with the action of a 
battery; partly by reducing the surface of copper in contact with 
acid, and partly by acting as a zincous element, and originating an 
opposite polarization in the battery (page 269). By taking up the 
hydrogen, by means of a solution of sulphate of copper in contact 
with the copper plate, Mr. Daiiiell increased the amount of circulating 
force six times. 

(4) The chemical action in a cell is also diminished by incrcjising 
the distance from each other in the exciting fluid of the positive and 
negative metals. 

(5) The lines of chemico-polar molecules in the exciting fluid 
should he re])ulaive of each other, like lines of magneto-polar elements, 
as illustrated in the mutual repulsion and divergence of the threads 
of steel filings which attach themselves to the pole of a magnet (fig. 
63, page 237). That the lines of induction do diverge greatly in 
the acid, starting from the zinc as a centre, is placed beyond doubt 
by many experiments of Mr. Daniel 1. A small ball of zinc suspended 
in a hollow copper globe filled with acid, is the arrangement in 
which this divergence is legist restrained, and was found to be the 
most effective form of the voltaic circle. When the copper, too, 
is a flat plate, and wholly immersed in the acid, the back is found to 
act as a negative surface, as well as the face directly exposed to tbe 
zinc, showing that the lines of induction in the acid expand, 
and open out from each other, some bending round the edge of the 
copper plate and terminating their action, after a second flexure, on 
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its opposite side. To collect these diverging lines, the surface of the 
Copper may be increased with advantage to at least four times that of 
the sine. 

(6) The polar chains of molecules, in the connecting wires and 
other metallic portions of the circle, must be equally repulsive of 
each other. Hence the small size of the negative plates in the active 
cells, and of the platinum plates in the cell of decomposition, and the 
thinness of the connecting wires, arC among the circumstances which 
dimmish the number of polar chains that can be established, and 
impair the general efficiency of a battery. 

2. Tlic effect of multiplying the victivc cells in a battery is not to 
increase the number of iwlar chains, or quantity of decomposition, 
but to increase the intensity of the induction in each chain; sdthough 
this increase in intensity generally augments the quantity also, in an 
indirect manner, by overcoming more or less completely such obsta¬ 
cles to induction as liave been enumerated. 

3. The intensity of the iuduction, also, is much great(*r with some 
electrolytes than others. Thus a single pair of zinc and platinum 
plates excited by dilute sulpliuric acid, decomposes iodide of ]K>tas- 
.sium, proto-chloride of tin, and fused cldoridc of silver, but not fused 
nitic,' chloride or iodide of lead, or solution of sul}>hatc of soda. 
With the addition, liowev'cr, of a little nitric acid to the sulphuric, 
the same single circle decomposes all these bodies, and even water 
itself. Here we have a primary chlorous induction from the oxygen 
of the nitric acid, in addition to the basylous induction of the zinc 
(IKige 2G8). The former action also is attended by the suppression 
of the hydrogen, so that the evolution of that gas upon the negative 
plate is avoided. 

4. The division of the connecting wire, and tlie separation of its 
extremities to the most minute distance from each other, is sufficient, 
to stop all induction and the propagation of the polar condition in 
an arrangement with the usual good conducting Auids. Tn a 
powerful voltaic battery consisting of seventy large Haniell cells, no 
induction was observed to pass when the termini wires were sepa¬ 
rated not more than the one-thousandth of an inch, even with the 
flame of a spirit-lamp or rarified air between them. Absoltte contact 
of the wires was necessary to establish the circulation. But after 
contact was made, and the wires were heated to wliitencss, they 
might be separated to a small distance without the induction being 
inlermpted; the space between them was then fillc<l with an arch of 
dazzling light, containing detached particles of the wire in a state of 
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intense ignition^ which were found to proceed from the zincoidto the 
chloroid,—the former losing matter, and the other acquiring it. So 
highly fixed a substance as platinum is carried from the one terminal 
to the other in this manner; but the transference of matter is most 
remarkable between charcoal points, which may be separated to the 
greatest distance, and afford the largest and most brilliant arch 
of flame. A. similar, although it may be an excessively minute 
detacliment of matter, is fouifd to accompany the electric s^jark 
in all circumstances. Hence, the electric spark always contains 
matter. In a powerful water battery, however, of a thousand couples, 
where the conducting power of the liquid is low, good sparks are 
obtained on approaching the terminals (Gassiot). 

5. When terminal wires of a voltaic circle are grasped in the hands, 
the circuit may be completed by the fluids of the body, provided the 
battery contains a considerable number of cells, and the induction is 
of high intensity: tlie nervous system is then affected, the sensation 
of the electric shock being experienced. 

6. The conducting wire becomes heated precisely in proportion to 
the number of polar chains established in it, and consequently in 
proportion to the size of the zinc plate; and this to the same degree 
from the induction of a single cell as from any number of similar 
cells. Wires of difierent metals arc unequally heated, according to 
the resistance which they offer to iuduciiou. The following numbers 
express the heat evolved by the same circulation in different metals, 
as observed by Mr. Snow Harris :— 

Heat evolved. Rcsistauce. 


Silver 


6 


1 

Cojiper 


6 


1 

Gold 


9 


. 4 

Zinc 


. 18 


3 

riutimim 


. *30 


5 

Iron 


. 30 


5 

'Tin * . 


. 36 


6 

Lead 


. 72 


. 12 

Brass 


. 10 


3 


The conducting jmwers of the metals arc inversely as these num¬ 
bers j silver being a better conductor than platinum in the proportion 
of 5 to 1. The conducting j)ower of all of them is found to be 
diminished by hejtt. 

7. As a portion of the volti\ic circle, the conducting wire acquires 
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extraordinary powers of another kind, which can only ^ very shortly 
referred to here, belonging as they properly do to physics. 

(1) Another wire placed near and pvrallel to the conducting w^, 
has the polar condition of its molecules disturbed, and an induction 
propagated through it in an opposite direction to that in the con¬ 
ducting wire. 

(2) If the conducting wire be twisted in the manner of a cork¬ 
screw so as to form a hollow spind or helix, it will be found in that 
form to represent a inagnety one end of the helix being a north, and 
the other a south pole; and, if moveable, will arrange itself in the 
magnetic meridian, under the influence of theearth^s magnetism. Its 
poles are attracted by the unlike poles of an ordinary magnet, and it 
imparts magnetism to soft iron or steel by induction. Two such 
helices attract and repel each other by their different poles, like two 
magnets. Indeed, an ordinary magnet may be viewed as a body 
having a helical chain of its molecules in a state of permanent che- 
mico-polarity. 

(3) If a bar of soft iron bent into the form of a horse-shoe, with 
a copi)er wire twisted spirally round it, be applied like a lifter to the 
poles of a permanent magnet, at tiie instant of the soft iron becom¬ 
ing a magnet by induction, tlie molecules of the spiral become chemico- 
polar ; and when contact is broken with the permanent magnet, and 
the soft iron ceases to he a magnet, the wire exhibits a polarity the 
reverse of the former. By a proper arrangement, electric sparks 
and shocks may be obtained from tlie wire, while the soft iron in¬ 
cluded withiji it is being made and unmade a magnet. The mag¬ 
neto-electric machine is a contrivance for this purpose, and is now 
coming to supersede the old electric machine, as a source of what is 
termed electricity of tension. Magnetic and electric effects arc thus 
reciprocally produced from each other. 

(4) When the pole of a magn'etic needle is placed near the con¬ 
ducting wire, the former neither approaches nor recedes from the 
latter, but exhibits a disposition to revolve round it. Tlie extraor- 
diuarj' and beautiful phenomena of electrical rotation are cxliibited 
in an endless variety of contrivances and experiments. As the mag¬ 
netic needle is generally supported upon a pivot, it is free to move 
only in a horizontal plane, and consequently when the conducting 
wire is held over or under it (the needle being supposed in the mag¬ 
netic meridian), the poles in beginning to describe circles in opposite 
directions round the wire, proceed to move to the right and left 
of it, and tlms deviate from the true meridian. Tlie amount of do- 
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viation in degrees is proportional to the quantity of circulating induc¬ 
tion, and may be taken to represent it, as is done in a useful instru¬ 
ment, the galvanometer, to be afterwards described. It was in the 
form of these deflections, that the phenomena exhibited by a magnet, 
under the influence of a conducting wire, first presented themselves 



to Oersted in 1819. 

8. Thermo-electrical phenomena are produced from 
the effect of unequal temperature upon metals in 
contact. If heat be applied to the point <?, (fig. 81), 
at which two bars of bismuth and antimony b and a 
arc soldered together, on connecting the free ex- 
tremities by a wire, the whole is found to form a 
weak voltaic circle, with tlie induction from b through 
the wire to a. Hence in this thermopolar arrange¬ 
ment the bismuth is the negative metal, and may be compared to the 
copper in the voltaic cell. If cold instead of heat be applied to c, a 
current also is established, but in an opposite direction tothe former. 
Similar circuits may be formed of o'her metals, which may be ar¬ 
ranged in the following order, the most powerful combination being 
formed of those metals wdiicli are most distant from each other in 
the following enumeration : bismuth, platinum, lead, tin, cojiper or 
silver, zinc, iron, antimony. AMieii heated at their points of con¬ 
tact, the current proceeds through the wire from those which stand 
first to the last. According to Nobili, simihir circuits may be formed 
with substances of which the conducting power is lower than that of 
the. metals. 


Several pairs of bismuth and antimony bars may be associated as 
in fig. 22, and the extreme bars being connected by a wire, form an 
Fio. 82. arrangement resembling a compound 

voltaic circle. Upon liealing the upper 
junctions, and keeping the lower ones 
cool, or on heating the lower ones and 
keeping the others cool, aji induction 
is cstablislied in the ware, more intense 
than in the single pair of metals, but 
still very weak. Tlic conducting wire strongly affects a needle, caus¬ 
ing 11 deflection proportional to the inequality of temperature betw'een 
the ends of the bars. Mclloni’s thermo-multiplier is a delicate in¬ 
strument of this kind, which is even more sensitive to changes of 
temperature than the air-thermometer, and has afforded great assist¬ 
ance in exploring the phenomena of radiant heat (page 35). 
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In aich n componnd bar, dao, uneq«<a tem^mturo >"ay be 
dneed, by making it the connecting wire of a smgle and w»k vdtmc 
ciKle whereupon tl.e metals become cold at them jnncl.on, rf the 
induction is from the bismuth to the antimony, and "o* 
point if the inductioH is in the opposite dircctron. fliese o™ *>>« 
converse of the preeding phenomena, in which clectncal effects 

were produced by inequality of teinpemture. , i i 

9 The friction of different bodies is another source of electrical 
phenomena. One, at least, of the bodies nibbed together must not 
be a conductor, and in general two non-conductors are used. 
When a silk haiidkercliief or a piece of resin is rubbed upon glass, 
both are found, after separation, in a polar condition, and continue 
in it. The rubbing surface of the glass becomes and remains zin- 
cous, and that of tlie resin or sDk is ehlorous ; and a molecular 
polarization is at the same time established through the whole mass 
of both the glass and resin, reaching to their opposite surfaces, which 
exhibit the other polarity. The powers thus appearing on the two 
rubbing surfaces, being manifestly different, were distinguished by 
tlie names of the bodies on wliich they are dcveloi>ed; that upon the 
glass as vitreouft electricity (basylous affinity), and that upon the resin 
as re^imm electricity (halogenous affinity). 

In comparing the chcmico-polarity excited by friction with that 
of the voltaic circle, we observe that the former, is of high intensity 
but small in quantity, or affecting only a small number of trains of 
molecules. Also that the polar condition is more or 1^ permanent, 
depending upon the insulation, and attended with a disturbance of 
the polar condition of surrounding bodies to a considerable distance, 
giving rise to electrical attractions and repulsions, or statical pheno¬ 
mena. If both the excited and vitreous resinous surfaces have aconduct- 


ing metal, such as a sheet of tin-foil, applied to them, and each sheet have 
a wire proceeding from it, the wires and tin-foil are polarized similarly 
to the glass and the resin which they cover; and a saline body placed 
between tlie extremities of the wires, which are respectively a ziiicoid 
and cbloroid, is polarized also, and decomposed. But the amount 
of decomposition, which is a true measure of the quantity of polar 
chains, is extremely minute compared with the amount of polar¬ 
ization in the voltaic circle. Thus, Mr. Faraday has calculated 
that the decomposition of one grain of water by zinc, in the iwitivc 
cell of the voltaic circle, produces as great an amount of polarization 
and decomposition in the cell of dcxompositioii, as 950,000 charges 
of a large Lejdcn battery, of several sijuarc feet of coated surface ; 
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an enormous quantity of power, equal to a most destructive thunder 
storm. The polarization from friction is therefore singularly intense, 
although remarkably deficient in quantity, or in the number of chains 
of polar molecules. 

The kinds of matter susceptible of this intense polarization are so 
many and so various, such as glass, minerals, wood, resins, sulphur, 
oils, air, &c., as to make it difficult to suppose that the polar mo¬ 
lecule is of the same chemical constitution in all of them, as it is in 
the electrolytes of the voltaic circle. Indeed, it must be admitted 
that all matter whatever may be forced into a polar condition by a 
most intense induction. 


Electrical induction at a distance, Mr. Faraday has shewn to be 
always m action of contiguous )>articles, chains of particles of air, 
or some other ‘^dielectric," extending between the excited body 
which is inducing, and the induced body. His investigation of this 
subject led to the remarkable discovery that the intensity of electric 
induction at a constant distance from the inducing body is not 
always the same, but varies in different media, the induction through 
a certain thickness of shell-lac, for instance, being twice as great as 
through the same tliickness of air. Numbers may be attached to 
different bodies which express their relative inductive capacities ;— 
Specific inductive capacity of air . . .1 

” glass . . 1.76 

” ** shell-lac . . 2 

** ” sulphur . . 2.24 

The inductive capacity of all gases is the same as that of air, and 
this projjcrty, it is remarkable, does not alter in these bodieJ with 
variations in their density. 

10. Mr. Faraday has lately made the important discovery that a 
my of iH)larized light, passing through a tmnsparent liquid or solid, 
is deflected, and takes a spiral direction, or has a motion of rotation 
communicated to it by the approximation of the }X)le of a powerful 
electro* or natuml magnet; the pole of the latter being so placed that 
the ray is in the direction of the hues of attraction of the magnet, 
lire amount of the deflection of the ray varies in different transparent 
bodied and is approximativcly expressed for oil of turpentine by 
11 .8, heavy borate of lead glass 6.0, flint-glass 2.8, rock-salt 2.2, 


water 1, alcohol and ether less than water (Phil. Trans. 1846). 

n. OiKsrating with electro-magnets of the highest power, Mr. 
Faraday has obtained results of a fimdomcnt-al nature respecting the 
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ma^etic capacity of different kinds of mutter. Ihe magnetic field 
being represented as in fig. 83, 
where N and 

the dotted lineN S coniiectingthesc 
poles, or line of magnetic is 
conveniently termed the axial direc- 
tion, and the e r, perpendicular 
to the former, the equatorial direc- 

tion. When a bar of bismuth, two inches long, 0.33 inch wide, and 0.2 
thick, was delicately suspended by a thread of untwisted silk, and 
placed between the magnets, it ananged itself in the direction of e r, 
or equatorially. All kinds of solid, liquid, and even giiseous matter 
have a certain amount of tendency to place themselves, like the bis¬ 
muth bar, across the axial or proper magnetic direction. This equa¬ 
torial tendency is, however, overcome and negatived by the smallest 
proper magnetic pro}>crty which bodies may possess, as this is the 
axial polarity, and causes the substance to set with its greatest length 
in the direction N S. Besides iron, nickel and cobfilt, the usual 
magnetic metals, platinum, palladium and titanium, ])roved to l)e 
axial bodies. So are all the salts containing iron, nickel, or cobalt, 
as base. Even bottle glass is aimparatively very magnetic, from the 
iron it contains; so is crown (window) glass, but not Hint ghiss. 
Tlie solutions of these salts are also magnetic. Crystals of the yellow 
ferrocyanide and red fcrricyanide of potassium are nf)t inaguetie, but 
set equatorially. The iron, it will be remembertid, b(dongs to the 
acid in these last salts. The salts of the oxides of the following 
metals proved magnetic, and Mr. Faraday is dis]X)sed to infer that 
the metals tliemselves are so—manganese, cerium, chromium. Paper 
and many other organic and mineral substances often contain enough 
of iron to make them fall into the same class. 

The bodies which place themselves equatorially are named dia- 
magnetic. The endless list of them is also headed bv metals, which 
appear to possess this power in diiferent degrees of intensity accord¬ 
ing to the following order :— ^ 

DIAMAONE'nc METALS. 

Cadmium. 

Mercury. 

Silver. 

Copper. 


Bismuth. 

Antimony. 

Zinc. 

Tin. 








The other uon-magnetic metals are diamagnetic in a less degree. 
This property is not sensibly impaired by heating the metals up to 
thmr fusing points. The property may be exiierimentaUy illustrated 
by pointed pieces of rock crystal, glass, phosphorus, sealing-wax, 
caoutchouc, wood, beef, bread, &c. (Phil. Trans. 1846). 

Hot air and flame are more diamagnetic than cold or cooler air, so 
that a stream of the former spreads itself equatorially in ascending 
betweim magnetic poles* Of many gases and vapours tried by Mr. 
Faraday, oxygen was found to be the least diamagnetic; and this 
element appears to lower the equatorial tendency of the gases into 
which it enters as a constituent. Nitrogen is more highly diams^- 
uetic than carbonic acid or hydrogen. In an atmosphere of carbonic 
acid gas (instead of air) between the magnetic poles, streams of 
hydrogen gas, coal gas, olefiant gas, muriatic acid, and ammonia, 
passed equatorially, and are therefore more diamagnetic. A stream 
of oxygen, wliich is so little diamagnetic, had, consequently, " the ap¬ 
pearance of being strongly magnetic in coal gas, passing with great 
im}^>ctuosity to the magnetic axis, and clinging about it; and if 
much muriate of ammonia fume were purjx)sely formed at the time, 
it was carried by the oxygen to the magnetic field with such force as 
to hide the ends of the magnetic poles. If, then, the magnetic 
action were suspended for a moment, this cloud descended by its 
gravit} ; but being quite below the poles, if the magnet were again 
rendered active, the oxygen cloud immediately started up and took 
its former place. The attraction of iron filings to a magnetic pole 
is not more striking than the appearance presented by the oxygen 
under lhe.se circumstances*.” 


VOLTAIC INSTRUMENTS. 

Dan tell'it constant battery ,—cell of this battery consists of a 
cylinder of copper 3^ inches in diameter, which experience has 
proved the inventor to afibrd the most advantageous distance 
between the metallic surfaces, but which may vary in height from 6 
to 20 inches, according to the power which it is wished to obtain. 
A membranous bag formed of the gidlct of an ox, is hung in the 
centr <5 by a collar and circular copper plate, resting upon a rim within 
jiiul near the top of the cylinder; and iri this is suspended by a wooden 


* Faradoyt Phil. Mag. xxxi. 415. 
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cross-bar, a cyKndricaJ rod of amalgamated zinc half an inch in 
diameter. Or a tube of porous earthenware, shut at the bottom, is 
substituted for the membrane with great convenience. The outer 
cell is charged with a mixture of 8 measures of water and 1 of oil of 
vitriol, which has been saturated with sulphate of copper, and por¬ 
tions of the solid salt are placed upon the drcular copper plate, which 
is perforated like a colander, for the purpose of keeping the solution 
always in a state of saturation. Ihe internal tube is filled with the 
same acid mixture without the salt of copper. A section of the 
upper part of one of these ceDs is here represented \ a b e d (fig. 84) is 


Fie. 84. 



the external copper cylinder; e f g h, the 
internal cylinder of earthenware, and / m 
the rod of amalgamated zinc. Upon a 
ledge c dt within an inch or two of the top 
of tlie cylinder, rests the cylindrictd colander 
i kf which contains the copper salt, and both 
the sides and bottom of which ‘ are perfo¬ 
rated with boles. A number of such cells 
may be conuected into a compound circuit, 
with wires soldered to the copper <ylinders, 
and fastened to the zinc by clamps and 
screws as shewn below, in fig. 85. (Danielles 
Introduction to Chemical Philosophy). 


Fie. 85. 


Instead of the zinc 



cylinder a thick plate 
of laminated zinc is 
now generally used, 
which is more re¬ 
gularly amalgamated 
than the cast cylin¬ 
der. 

In this instrument 
the sulphate of zinc, 
formed bj^^the solu 
tion of the zinc rod. 


is retained in the stoneware cylinder, and prevented from dilfusiiig 
to the copper surface; while the hydrogen, instead of being evolved 
•aa otv BUT^ace of the latter metal, decomposes the oxide of 


copper of the salt there, and occasions a deposition of metallic 


copper oil the copper plate. Such a circle will not vary in its action 


for hours together, which makes it invaluable in the iiivestigalion of 



grove’s nitric acid battery. 
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voltaic laws. It owes its superiority principally to three circum¬ 
stances :—to the amalgamation of the zinc, which prevents the waste 
of that jnetal by solution when the circuit is not completed; to the 
non-occurrence of the precipitation of zinc upon the copper surface; 
and to the complete absorption of the hydrogen at the copper surface, 
the adhesion of globules of gas to the metallic plates greatly di¬ 
minishing, and introducing much irregularity into the action of a 
circle. 

Groves nitric acid battery .—In this battery the positive metal 
is amalgamated zinc, and the negative metal platinum, while the in¬ 
termediate liquid is of two kinds, dilute sulphuric acid of sp. gr. 1.125 
ill contact with the zinc, and strong nitric acid in contact with the 
platinum. In fig. 86, a represents a flat cell of porous earthenware. 


Fig. 86. 



to coiitain^the nitric acid and platinum plate j the platinum plate j 
d, the zinc plate, which is doubled up to include the porous cell; 
Vy a cell of glazed earthenware to contain the .sulphuric acid and zinc 
[ilale; a wooden frame to support tlie last cell, terminated above 
by copper plates provided with clainjis, by which the terminal wires 
are attached. Two wooden wedges, such as c, are required to fix 
ilio iqqier end of the zinc plate on tlie one side, and the plati- 
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num plate on the other, as in fig. 87. 
Convenient dimensions for the princi¬ 
pal parts are, the external cell 4 J 
inches by 2f and 1^ ] porous cell <?, 
4:^ by 2^ and inch; platinum plate 
5 inches by 2^, and weighing about 
10 grains in the square inch. 

In fig. 88, six of these cells are 
placed together in a wooden frame, 
with the upper part of each end of the 
frame of stout sheet copper, to which 
the plates and wires can be clamped. 
The wires from the platinum and zinc 
ends of the battery, have platinum 
plates, a and b, attached to them as 


Km. 87. 



Kfg. SS. 



terminals. A battery of this size will evolve 8 or 10 cubic inches of 
mixed oxygen and hydrogen gases in t!ic voltameter per minute. It 
is equal to several times^ as many cells of the preceding battery. The 
polarizing power is very intense, and little more decomposing power 
is gained by increasing the number of cells beyond five or six. 

The carho-zinc battery of Bunsfen^ which is much used on the 
continent, is a modification of the last construction, in which char¬ 
coal i%icontact with the nitric acid is substituted for platinum The 
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carbon is in the form of a hollow cylinder, and is made by coking 
pounded coal in a proper iron mould. By soaking the coke in sugar, 
and calcining a second time, great compactness is given to the cylin¬ 
der. The latter is so large as to include the porous cell containing 



the zinc and acid, and is itself placed in a 
stout glass cylinder, of which the neck is 
contracted so as to support the coke cylinder 
(fig. 89). The zinc cylinder c is connected 
by a slip b and ring a of the same metal 
with the coke cylinder, of which the upper 
end is made a little conical to hold the ring. 
This battery has the advantage of enlarged 
negative surface, and provides ample space 


for the nitric acid. 


For other useful forms of the battery, such as that introduced by 
Mr. Since, in which a thin sheet of silver covered by a deposit of 
platinum (platinized silver) is the negative metal, I must refer to 
works upon Electricity. 

Bird's battery and decomposiny cell ,—^To M. Becquerel we are 
particularly indebted for the investigation of the decomposing poivers 
of feeble currents, sustained for a long time, the results of which are 
of great interest, both from the nature of the substances that can 
be thus decomposed, and from the form in which the elemenfe of the 
body decomposed arc presented, the slow formation of these bodies 
permitting their deposition in regular crystals.* Dr. Golding Bird 
has also added to the number of bodies' decomposed by such means, 
and contrived a simple form of the battery, which, with Becquerel’s 
decomposing cell, renders such decompositions certain and easy.f 
Fig. 90. The decomposing cell consists 

of a glass cylinder a, (fig. 90) 
within another glass cylinder b. 
The inner cylinder a is 4 inches 
long, and 1 ^ inch in diameter, 
and is dosed at the lower end 
by a plug of plaster of Paris 
0,7 inch in thickness : this cy¬ 
linder is fixed by means of 
wedges of cork within the other, 
which is a plain jar, about 8 



* 'I’rtutB Expciinicntol dc rElectricito ct dii Magnetisinc, par M. Bccqnerel. 
t PhiL Trans. 18.37, p. 87. 
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inches deep by 2 inches in diameter. A piece of sheet copper c, 4 
inches long and 8 inches wide, having a copper conducting wire 
soldered to it, is loosely coiled up and placed in the inner cylin¬ 
der with the pliister bottom; a piece of sheet asinc 4*, of equal 
size, is also loosely coiled, and placed in the outer cylinder; 
this zinc likewise being furnished with a couductingi wire. : 
outer cylinder is then nearly filled with a w'eak solution of common 
salt, and the inner with a saturated solution of sulphate of copper. 
Tlie two fluids are prevented from mixing by the plaster diaphragm, 
and care being taken that they are at the same level in both tlie 
cylinders, the circle wdll afford, on joining the wires, a continuous 
current for weeks, the chloride of sodium and the sulphate of copper 
being very slowly decomposed. After it has been in action for some 
weeks, chloride of zinc is found in the outer cylinder: and beautiful 
crystals of metallic copper, frequently mixed with the ruby suboxide 
(closely resembling the native copper ruby ore in oppearance), with 
large crystals of sulphate of soda, are found adhering to the copper 
plate ill the smaller cylinder, especially on that part where it touches 
the plaster diaphragm. 

The decomposing cell is the counterpart of the battery itself, wm- 
sisting, like it, of two glass cylinders, one within the other, the smaller 
one c having a bottom of plaster of Paris fixed into it: this smaller 
tube may be about ^ inch wide and 8 inches in length, and is in¬ 
tended to hold the metallic or other solution to be decompo^, the 
external tube rf, in which the other is immersed, being filled with a 
weak solution of common salt. In the latter solution a slip of amal¬ 


gamated zinc-plate soldered to the wire coming from the copper 
plate e of the battery, is immersed; and a slip of plafeinnm foil jp/, 
connected with the wire frpm the zinc plate z of the battery, is im¬ 
mersed in the liquor of the smaller tube, being held in its pla^ a 
cork, through which its wire passmJ The whole 
obviously a pair of active cells, of v^h a' is one meta^c eleapdm, 
and z pi the other; and the bdiween « and ^ divided 
porous plaster diaphragm, one fluid element, and the fluid betiFf^ 
^ and pi, divided by a porous plaster diajdnngm, aiiothef,;flui^j»ie- 
ment; although it will be convenient to speak of the last as the 
of decomposition. With a solution of chlorides ofjjxop, 

copper, tin, zinc, bismutli, imtiinony, lead or silver, in .tiMr.Sifii^ler 
tube. Dr. Bird finds tfaometals to be reduced upon the srirfiMse of the 
p^inum, generally ilc^: iitvam of . % 

metallic lustre, always more or less ciysi^Ub, 
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CHAPTER V. 


VON-HETALLIC ELEMENTS. 


Secjtion I.— Oxygen. 

Equivalent 8 {Jiydrogen = 1, or 100 a» the basis of the Oxygen 

Scale; density 1105’6 («*> =1000) ; combining measure |_j 

{one volume.) 

The following thirteen of the sixty-two elementary bodies known*, are 
included in the class of non-metallio elements:—oxygen, hydrogen, 
nitrogen, carbon, boron, silicon or silicium, sulphur, selenium, 
phosphorus, chlorine, bromine, iodine, and fluorine. Of these, 
oxygen, from certain relations which it bears to all the others, and 
from its general importance> demands the earliest consideration. 

The name oxygen is compounded of acid, and yewaw, 1 give 
rise to, and was given to this element by Lavoisier, with reference to 
its property of forming acids in uniting with other dementary bodies. 
Oxygen is a permanent gas, when uncombined, and forma one-fifth 
part of the air of the atmosphere. In a state of combination, this 
clement is the most extensively diffused body in nature, entering, as a 
constituent into w ater, into nearly all the earths and rocks of which 
the crust of the globe is composed, and into all organic products, 
with a few exceptions. It was first recognised as a dis^ct sub« 
stance by Dr. Priestley in this country, in 1774, and about a year 
afterwards by Scheele in Sweden, without any knowledge of Priestley's 
experiments. Prom this discovery may be dated the origin of true 
chemical theory. 

Preparation, —Oxygen gas is generally disengaged from some com¬ 
pound contaiiMj|g it, by the action of heat. 

1. It was first procured by Priestley, by heating Bed Predpi- 
tate (oxide of mercury), which is thereby resolved into fluid mercury 

* This number inoludee three dements-^-erbiiim, terbium, and tlinentum, of which 
the existence ia doubtful. 
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and oxygen gas. To illustrate the formation of oxygen in this way, 
200 grains of red precipitate may be introduced into the body of a 
small retort a of hard or difficultly fusible glass, and the retort 

Fio. 03. 



united ill an air-tight manner with a small globular flask 5, having two 
openings, both closed by perforated corks, one of which admits the 
beak of the retort, and the other an exit tube c, of glass, bent as in 
the figure. The extremity of the exit tube is introduced into a gra¬ 
duated jar capable of holding 50 or CO cubic inches, and placed 
in an inverted position, full of a ater, upon the shelf of a pneumatic 
water-trough. Heat is then applied to the retort by means of an 
Argand spirit lamp powerful enough to raise it to a red heat, and 
nuuntain it at that temperature for a considerable time. The first 
effect of the heat is to expand the air iu the retort, bubbles of w’hich 
isfeue from the tube c, and rise to the top of the jar displacing 
water; but more g:u« follows, which is oxygon, and at the same time 
metallic mercury condenses in the neck of the retort and runs down 
into the intermediate flask b. When the red precipitate in the retort 
has entirely disapjieared, the lamp may be extinguished, and the 
retort allowed to cool completely. The end of the exit tube r being 
now abo^ the level of the water in the jar, w hich is nearly full of 
gas, a portion of the latter, equal in bulk to the air which first left 
the retort, will return to it, from the contraction of the gas within 
the retort. The jar will be found in the end to contain 44 cubic 
inches of gas, wliich is therefore the measm*e of oxygen produced in 
the experiment, and the flask to contain 185 grains of mercury. 
Now 44 cubic inches of oxygen weigh 15 grains; and a true ana¬ 
lysis of the red precipitate has been effected, of vvhicji the result is, 
that 200 grains of that substance consist of— 

185 grains mercury. 

15 „ oxygen, (44 cubic inches.) 


200 
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Blit oxygen gas is more generally derived from two other sub¬ 
stances—oxide of manganese and chlorate of potash. 

2. When the gas is required in large quantity, and exact purity 
is immaterial, the oxide of manganese is preferred from its cheapness. 
This is a black, heavy mineral, found in Devonshire, in Hesse Darm¬ 
stadt, and other localities, of wliich upwards of 40,000 tons are con¬ 
sumed annually in the manufactures of the country. It is called an 
oxide of manganese, because it is a compound of the metal manga¬ 
nese with oxygen. In explanation of what takes place when this 
substance is heated, it is necessary to state that manganese is capable 
of uniting with oxygen in several proportions, namely, one equiva¬ 
lent, or 27.67 parts of manganese, with 8, and with 16 parts of oxy¬ 
gen ; and two cqmvaleuts of manganese with 24 parts of oxygen. 
These compounds are:— 

Protoxide of manganese .... Mn O. 


Sesquioxide.2Mn + 30. 

Binoxide, or native black oxide . Mn + 20. 


Now the binoxide, however strongly heated, never loses more tlian 
one-third of its oxygen, being converted into a compound of the 
first two oxides : that is, three equivalents of binoxide (131.01 parts) 
lose two equivalents of oxygen (16 parts), and leave a compound of 
one eq. of sesquioxide and one eq. of protoxide; a change which 
may he thus ex2>ressed:— 

3MnO,= ^^P ^ ^ 

( Miij O3 + Mn O, 

One of the malleable iron bottles in wliich mercury is ifUjiorted is 
njadily converted into a retort, in which the black oxide may be 
heated, by removing its screweil iron sto^ipcr, and replacing this by 
ail iron pipe of three feet in length, onee nd of which has been cut to 
the screw of the bottle. Tliis pipe may be bent like a, figure 94, 
if the bottle is to be heated in an open fire, or in a furnace open at 
the to^). From 3 to 9 pounds of the oxide may be introduced as a 
charge, according to the quantity of gas to be prepared, each pound 
of good German manganese yielding about 1400 cubic inches, or 
5.05 gallons of gas. Upon the first application of heat, water comes 
off, as steam, mixed occasionally with a gas which extinguishes flame; 
tliis is owing to the impurity of the oxide. The products may be 
allowed to escape, till the point of a wood-match, red without flame, 
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appHed to the orifice, is reldndLed and made to burn with brilliahcgr; 
the gas is then sufficiently pure, and means must be taken dor collect¬ 
ing it. A small flexible tin tube of any convenient length, is 


Fia. 04. 



adapted to the iron pipe, by means of a perforated cork, by which 
the gas is conveyed to a pneumatic trough, and collected in glass 
jars filled with water, as in the former experiment j or, as this process 
affords considerable quantities of oxygen, the gas is more generally 
conducted into the inferior cylinder or drum of a copper gas holder 
<?, full of water. The water does not flow out by the recurved tube 
which forms the lower opening, but is retained in the vessel by^the 
pressure of the atmosphere on the surface of the water in that tube, 
as water is retained in a bird^s drinking-glass< But when the tin 
tube is introduced into the gas»holdef by this opening, water escapes 
by it, in proportion as gas is thrown into the cylinder and rises in 
bubbles to the top. Tiie progress of filling the gas-holder may be 
observed by the glass gauge-tube g, which is open at both ends, and 
connected with the top and bottom of the cylinder, so that the water 
stands at the same height in the tube as in the cylinder. Convenient 
dimensions for the cylinder itself are 16 inches in height by 12 in 
diameter; to fill which a charge of three pounds of manganese may 
be used. The gauge-tube is so apt to be broken, or to occasion 
leakage at its junctions with the cylinder, when the latter is large 
and unwieldy, that it is generally better to forego the advantage it 
offers, and dispense with this addition to the gas-holder. When ap¬ 
plied to a small gas-holder, the ends of the tube are conveniently 
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adapted to openings of the cylinder, by means of perforated corks, 
which are afterwards covered by a mixture of white and red lead 
with a drying oil. 

After the cylinder is fiUed, the lower opening by which the gas 
was admitted is closed by a good cork, or by a brass cap made to 
screw over it. The superior cylinder' is an open water trough, con¬ 
nected with the inferior cylinder by two tubes provided with sto|^-* 
cocks, m and w, one of which, is continued to the bottom of that 
vessel, and conveys water from the superior cylinder, wliile the other 
Fio. 96. tube, «, terminates at the top of the inferior cylinder, and 
aftbrds a passage by which the gas can escape from it, 
when water is allowed to descend by the other tube. The 
tube and perforation of the stopcock of m should be con- 
siderably wider than n. A jar a is filled with gas by 
inverting it full of water in the superior cylinder, over the 

d VI opening of «, as exhibited in the figure, and allowing the 
111 I"" gas to ascend from the inferior cylinder. Gas may like¬ 
wise be obtained by the stopcock / (fig. 94-), water being allowed to 
enter by m at the same time. 

Oxygen may likewise be disengaged from oxide of manganese in a 
flask or retort, by means of sulphuric acid diluted with an e(iual bulk 
of water, but this is not a process to be recommended. When the 
quantity of oxygen required is- not very large, it is better tn have 
recourse to chlorate of potash, which has also the advantage of 
giving a perfectly pure gas, 

3. A well-cleansed Tlorence oil flask, the edges of the mouth of 
which have been heated and turned over so as to form a lip, with a 
bent glass tube and perforated cork fitted to it (fig. 96), forms a con¬ 
venient retort in which about lialf an ounce of clilorate of potash may 


be heated by means of a gas flame or Argand spirit lamp. Tlie salt 
melts, although it contains no water, and when nearly red hot emits 
Fio. 96. abundance of oxygen gas. 

H At one point of thedecom- 

^ M ... A position, the effervescence 
^ J\. [ may become so violent as 

^ f ^\\ to burst the flask, especi- 

j narrow, unless the heat 
^ be moderated. The cWo- 
^ 1 rate of potash parts with 
^ all the oxygen it' pos- 

sesses, which amounts to 
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89*2 per cent, of it« weight, and leaves a white hard salt, the chloride 
of potassium. 

The only' iiiconvenieTice attending tlie preceding process is the 
high temperature required, which would soften a retort or flask of 
flint glass. It was discovered, however, by M. Mitscherlich that 
chlorate of potash is decomposed at a much lower temperature when 
^mixed with dry jiowders, upon which it exercises no chemical action, 
particularly metallic peroxides, such as the binoxide of manganese and 
the black oxide of copper. Notliing can answer better than the 
binoxide of manganese, after being made anhydrous by a short 
exposure to a red heat. IVo parts of chlorate of potash in powder, 
mixed with one part of the dried oxide, forms a useful " oxygen 
mixture," wliich may be made in quantity and preserved for occa¬ 
sional use. 

From an atomic g( atement of the composition of chlorate of potash it 
appears that one equivalent of it (132-5 parts) contains six equivalents 
of oxygen (48 parts), namely five cep in the cldoric acid and one cq. 
in the pottish, the wliole of which come off, leaving one equivalent of 
chloride of potassium (74'5 parts);— 

Half an ounce of chlorate of potash should yield 270 cubic inches or 
nearly a galloti of imre oxygen gas. 

4. Another process for oxygen gas, proirosed by Mr. Baliiiaiii, 
consists in heating in a retort 3 parts of the bichromate of potash in 
powder, with 4 parts of undiluted sulphuric acid i tlie gas comes off 
in a continuous stream, and a mixture of sulphate of potiish and sul¬ 
phate of sesquioxide of chromium remains behind in the retort. Tlie de¬ 
composition which takes place is explained in the following fonnula:— 
KO, CrgOe t»dth 4 SO 3 , give KO, SO 3 with Cra 03 3 SO 3 and 30. 

The bichromate of potash loses one-half of the oxygen contained 
in the chromic acid, or about 16 per cent, of its weight; one ounce of 
salt yielding about 200 cubic inches of gas. 

Properties .—Oxygen gas is colourless, and destitute of odour and 
taste. It is heavier than air in the ratio of 1105*6 to 1000, accord¬ 
ing to the latest careful determination, that of M, Bcgnault,* 

At the temperature of 60°, and with the barometer at 30 inches, 

* AnnalendeCliiinie, &c., 1845, 3e. Ber. t, xiv. p. 211. The mean of tliree Iteighinga 
previmidy made by MM. Ihunas and BouBsingaUlt, was 1106-7 (ibid. t. viii. p. 201). 
Baron "Wredc found 1105'2. At a mnch earlier period T. de Satissiire obtained 
Begnaolt s niunbcr, 110.5'6. 'fhc&e coincidcnceB in the mults of independent obserrera 
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100 cubic inches of oxygen gas weigh 34*10 ^iiis' (Begnaolt). 
One cubic inchj therefore, weighs 0*3419 gr., or about 1 of a grain. 

has never been liquefied by cold or pressure. 

Oxygen is so sparingly soluble in water, that M'hen agitated in 
contact with that fluid no perceptible diminution of its volume takes 
place. But when water is previously deprived of air by boiling, and 
allowed to cool hi a close vessel, 100 cubic inches dT it dissolve 
cubic inches of this gas. 

If a lighted wax taper attached to a copper wire be blown out, and 
dipped into a vessel of oxygen gas, while the wick remains red hot, 
it instantly rekindles with a slight explosion, and bums with great 
brilliancy. If soon withdrawn and blown out, it may be revived 
again in the same manner, and the experiment be repeated several 
times in the same gas. Lighted tinder bums with flame in oxygen, 
and red-hot charcoal with brilliant scintillation#. Burning sulphur 
introduced into this gas in a little hemispherical cup of iron-plate 
with a wire attached to it, bums with an azure blue flame of con¬ 
siderable intensity. Phosphorus introduced into oxygen in the same 
manner, bums with a dazzling light of the greatest splendour, 
particularly after the phosphonft boils and rises through the gas in 
vapour. Indeed, all bodies which bum in air, bum with inerted 
vivacity in oxygen gas. Even iron wire may be burned in this gas. 
For this purpose thin harpsichord wire should be coiled about a 
cylindrical rod into a spiral form. The rod being withdrawn, a piece 
of tliread must be twisted about one end of the wire, and dipped into 
melted sulphur; the other end of the wire is to be fixed into a cork, 
BO that the spiral may hang vertically. The sulphured end is then to 
be lighted, and the wire suspended in a jar of oxygen, open at the 
bottom, such as that represented in fig. 95, page 295, supported 
upon an earthenware plate. The wire is kindled by the sulphur, and 
bums with an intense white light, throwing out a number of sparks, 
or occasionally allowing a globule of fused oxide to fall; while the 
wire itself continues to fuse and bum till it is entirely consumed, or 
the oxygen is exhausted. The experiment forms one of the most 

ftppesr to pn>vn that n clooc opproximiition has been made to the trnc density of thu gas t 
an important datum. The earlier dctcmiiuotion of M M. Dolong and Berseliiu was 
llOS'R (ibid. 1820, 2o. scr. t. xv. p. 886). According to M. Itcgnanlt the weight of 1000 
cubic centimeters (1 liter) of oxygen gas, at 32® F., barometer 20.92 inches (760 miUi* 
meters), isl'4298 gramme. Hence, 1000 e. e. being equal to 61 028 English e. mehea,and 
1 gramme to 15*4440 Ei^^Ush grains, 100 c\tbic inches of oxygen, at the specified 
temperature aud pressure, weigh 80* 1390 grains. Calculating with Regnault’s coefBdent 
for the expansion of air (page 12), 1 vohune of oxygen will become 1*05701 volume, 
at 60®, and 100 cubic inches of oxygen will weigh 34.1808 grains at that temperature. 
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beautiful and brilliant in chemistry. The globules of fused oxide are 
of so elevated a temperature, that they remain red-hot for some time 
under the surface of water, and fuse deeply into the substance of the 
stoneware plate upon which they fall. 

Oxygen gas is respirable, and indeed is constantly taken into the 
lungs from the atmosphere in otdinary respiration. When a portion 
of dark blood drawn from a vein is agitated with this gas, the colour 
becomes of a fine vermilion red. The same change occurs in the 
blood of living animals, during respiration, from the absorption of 
oxygen gas, which is required to maintain the animal heat. A small 
animal, also, such as a mouse or bird, lives four or five times longer 
in a vessel of oxygen than it will in an equal bulk of air. But the 
continued respiration of this gas in a state of purity is injurious to 
animal life. A rabbit is found to breathe it without inconvenience 
for some time, but after an interval of an hour or more the circula¬ 
tion and respiration are much quickened, and a state of great excite¬ 
ment of the general system supervenes; this is by and by followed by 
debility, and death occurs in from six to ten hours. The blood is 
found to be highly florid in the veins as well as the arteries, and, 
according to Broughton, the heart continues to act strongly after the 
breathing has ceased. 

Oxygen may be made to unite with all the other elements except 
fluorine, and forms oxides, while the process of uniting with oxygen 
is termed oxidation. With the same element oxygen often unites in 
several proportions, forming a series of oxides, which are then dis¬ 
tinguished from each other by the different prefixes enumerated under 
Chemical nomenclature (p^e 113). Many of its compounds are 
acids, particularly those which contain more than one eciuivalent of 
oxygen to one of the other element, and compounds of tlus nature 
are those which it most readily forms with the uon-metallic elements : 
such as carbonic acid with carbon, sulphurous acid with sulphur, 
phosphoric acid with phosphorus. But oxygen unites in preference 
with single equivalents of a large proportion of the metallic class of 
elements, and forms bodies which are alkaline or have the character 
of bases ; such as potash, lime, magnesia, protoxide of iron, &c. A 
certain number of its compounds are neither acid nor alkaline, and 
are therefore called neutral bodies; such as the oxide of hydrogen or 
water, carbonic oxide, and nitrous oxide. The greater number of 
these neutral oxides axe also protoxides. 

It has already been stated that in a classification of the dements 
oxygen does not stand done, but forms one of a small natural family 
along with sulphur, selenium, and tellurium. These elements also 
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form acid, basic, and neutral classes of compounds, inth the same 
bodies as oxygen does, of which the sulphur compounds are well 
known, and always exhibit a well-marked analogy to the correspond¬ 
ing oxides. Oxygen-acids unite with oxygen-bases, and form 
neutral salts: so do sulphur-acids with sulphur-bases, selenium-acids 
with selenium-bases, and tellurium-acids with teUurium-bases. 

The combinations of oxygen, like those of all other bodies, are 
attended with the evolution of heat. Tliis result, which is often 
overlooked in other combinations, in which the proportions of the 
bodies uniting and the properties of their compound receive most 
attention, assumes an unusual degree of importance in the combina¬ 
tions of oxygen. The economical applications of the light and heat 
evolved in these combinations are of the highest consequence and 
value, and oxidation alone, of all chemical actions, is practised, not for 
the value of the products it aifords, and indeed without reference to 
them, but for the sake of the incidental phenomena attending it. Of 
the chemical combinations, too, which we habitually witness, those of 
oxygen are infinitely the most frequent, which arises from its constant 
presence and interference as a constituent of the atmosphere. 
Hence, when a body combines with oxygen, it is said to be burned ; 
and instead of undergoing oxidation, it is said to suffer combustion ; 
and a body which can combine with oxygen and emit heat is termed 
a combustible*. Oxygen, in which the body bums, is then said to 
support combustion, and called a supporter of combustion. 

The heat evolved in combustion is definite, and can be measured. 
With this view it is employed to melt ice, to raise the temperature of 
water from 82° to 212°, or to convert water into steam, and its 
quantity estimated by the extent to which it produces these effects. 
Tlic heat from the oxidation of a combustible body is thus found 
to be as constant as any other of its properties. Despretz obtained, 
by such experiments, the results contained in tlie foUowing table 

HEAT TROM COJIDUSTION. 

1 pound of purt] charcoal ..... . heats from 33*^10 312^78 ;^bnds of Water. 


— 

charcoal from wood .... 


75 — 


bahed wood. 

— 

86 — 

— 

wood couiaiuing20 per cent, of water 

— 

27 — 

— 

bituminous cool. 

— 

60 — 

— 

turf.. . 

— 

25 to 80 — 


aIcoIioI 

— 

67‘5 — 

— 

olive oil, wax, &c. . . . . . 

— 

90 to 96 — 

— 

other . 

— 

80 — 

— 

hydrogen .. 

— 

236-4 — 
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The quantityof heat evolved appears to be connected with the 
proportion of oxygen consumed, for the greater the weight of oxygen 
with which a pound of any combustible unites, the more heat is pro¬ 
duced. The following results indicate that the heat depends exclusively 
upon the oxygen consumed, four different combustibles in consuming 
a pound of oxygen affording nearly the same quantity of heat 

HEAT OP COMBUSTION. 

1 pound of oxygen With hydrogen heats from 32° to 212° 29| pounds of wntcr. 


— 

with charcoal 

— 

29 


with alcohol 

— 

28 

— . 

with ether 

— 

28} 


The quantity of combustible consumed in these experiments varied 
considerably, but the oxygen being the same, the heat evolved was 
nearly the same also. Bnt when the same quantity of oxygen con¬ 
verted phosphorus into phosphoric acid, exactly twice as much lieat 
was evolved, according to Despretz, as in the former experiments. 
The superior vivacity of the combustion of these and othei' bodies in 
pure oxygen, compared witli air, depends entirely upon the rapidity 
of the process, and the larger quantity of combustible oxidated in a 
given time. A candle bums with more light and heat in oxygen 
than in air, but it consumes proportionally faster. 

Oxidation is often a very slow process, and imperceptible in its 
progress—as in the rusting of iron and tarnishing of lead exposed to 
the atmosphere. The heat being then evolved in a gradual manner 
is instantly dissipated, and never accumulates. But when the oxide 
formed is the same, the nature of the change effected is in no way 
altered by its slowness. Iron oxidates rapidly when introduced in a 
state of ignition into oxygen gas, and lead, in the form of the lead 
pyrophorus, which contains that metal in a liigh state of division, 
takes fire spontaneously and bums in the air; circumstances then 
favouring the rapid progress of oxidation. 

Oxidation may also go on with a degree of rapidity sufficient to 
occasion a sensible evolution of heat, but without iiame and open 
combustion. The absorption of oxygen by spirituous liquors in 
becoming acetic acid, and by many other organic snbstances, is 
always attended with the production of heat. The smouldering com¬ 
bustion of iron pyrites and some other metallic ores in the atmosphere, 
is a phenomenon of the same nature. Most bodies which bum with 
flame also admit of being oxidated at a temperature short of redness^ 
and exhibit the phenomenon of low combustion. Thus, tallow 
thrown upon an iron plate not visibly red hot, mdts and undergoes 
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oxidation,, diffusing a pale lambent flame only visible in the dark. 
(Dr. C. J. B. Williams). If the tallow be heated in a little cup with 
a wire attached, tiU it boils and catclies fire, and the flame then 
be blown out, the hot tallow will still continue in a state of low com¬ 
bustion, o^hich the dame may not be visible, but which is sufficient 
to cause the renewal of the high combustion, if the cup is immediately 
introduced into a jar of oxygen gas. A candle newly blown out is- 
sometimes rekindled in oxygen, although no point of the wick 
remains visibly red, owing to the continuance of this low combustion. 
Wlien a coil of thin platinum wire, or a piece of plantinum foil, is 
first heated to redness, and then held over a vessel containing ether 
or hot alcohol, the vapours of these substances, mixed with the air, 
oxidate upon the hot metallic surface, and may sustain the vessel at a 
red heat for a long time, without the occurrence of combustion with 
flame. The product, however, of the low combustion of these bodies 
is peculiar, as is obvious from its pungent odour. 

ComhuHtion in air .—Tlic affinity for oxygen of all ordinary com¬ 
bustibles is greatly promoted by heating them, and is indeed rarely 
developed at all except at a high temperature. Hence, to determine 
the commencement of combustion, it is commonly necessary that the 
combustible be heated ,to a certain point. But the degree of heat 
necessary to inflame the combustible is in general greatly inferior to 
what is evolved during the progress of the combustion, so that a 
combustible, once inflamefl, maintains itself sufficiently hot to con¬ 
tinue burning till it is entirely consumed. Here the difference may 
be observed betw-een combustion and simple ignition. A brick 
heated tiU it be red-hot in a furnace, and taken out, exhibits ignition, 
but has no means within itself of sustaining a high temi)erature, and 
soon loses the heat which it had acquired in the fire, and on cooling 
is found unchanged. 

The oxi<lable constituents of w'ood, coal, oils, tallow, wax, and 
all the ordinary combustibles, are the same, namely, carbon and 
hydrogen* which in combining with oxygen, at a high temiHjra- 
ture, always produce carbonic acid and w ater; volatile bodies, which 
disappear, forming part of the aerial column that rises from the 
burning body. The constant removal of the product of oxidation, 
thus effected by its volatility, greatly favours the progress of com¬ 
bustion in such bodies, by permitting tho free access of air to the 
unconsumed combustible. The interference of air in combustion 
is obvious from the facility with which a fire is checked or extinguished 
wdieu the supply of air is lessened or withheld, and, on the contrary. 
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i^vived ond ammated when the supply of air is increased by blowing 
np the fire. Por the oi^gen of the air being consumed in combining 
with the combustible, a constant renewal of it is necessary. Hence, 
if a lighted taper, floated by a cork upon water, be covered with a 
bell jar having an opening at top, such as that in which the iron-wire 
was burned, the taper will bum for a short time without change, then 
more and more feebly, in proportion as the oxygen is exhausted, and 
at last will expire. Tlie air remaining in the jar is no longer suitable 
to support combustion, and a second lighted taper introduced into it 
by the opening at top is immediately extinguished. 

In combustion, no loss whatever of ponderable matter occurs; 
nothing is anniliilated. The matter formed may always be collected 
without difficulty, and is found to have exactly the weight of the oxygen 
and combustible together wliich have disappeared. The most simple 
illustrations of this fact are obtained in the combustion of those 
bodies which afford a solid product. Thus when two grains of phos- 
pliorus are kindled in a measured volume of oxygen gas, they are 
found converted after combustion into a quantity of white powder 
(phosphoric acid), which weighs 4^ grains, or the phosphorus ac¬ 
quires 2^ grains; at the same time 7^ cubic inches of oxygen disap¬ 
pear, w'hich weigh exactly 2^ grains. In the same way, when iron 
wire is burned in oxygen, the w^eight of solid oxide produced is 
found to be equal to that of tlie wire originally employed added to 
that of the oxygen gas which has disappeared. But the oxidation of 
mercury affords a more complete illustration of what occurs in com¬ 
bustion. Exposed to a moderate degree of heat for a considerable 
time in a vessel filled with oxygen, that metal is converted into red 
scales of oxide, possessing the additional weight of a certain volume 
of oxygen which has disappeared. But if the oxide of mercury so 
produced be then put into a small retort, and reconverted by a red 
heat into oxygen and fluid mercury, the quantity of oxygen emitted 
is found to be the same as had combined with the mercury in the 
first part of the operation; thus proving that oxygen is really present 
in the oxidized body. 

The evolution of heat, which is the most striking phenomenon of 
combustion, still remains to be accounted for. It has been referred 
to the loss of latent heat by the combustible and oxygen, when, 
from the condition of gas or liquid, one or both become solid after 
combustion; to a reduction of capacity for heat, the specific heat of 
the product being supposed to be less than that of the bodies burned; 
and to a discharge of the electricities belonging to the different bodies. 
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occurring in the act of combination. But the first two hypotheses 
are manifestly insufilcient, and fhe last is purely speculative. The evo¬ 
lution of heat during intense chemical combination, such as oxidation, 
may be received at present as an ultimate fact; but if we choose to 
go beyond it, we must suppose that the heat exists in a combined and 
latent state in either the oxygen or combustible, or in both; that 
each of these bodies is a compound of its material basis with heat, 
tlie whole or a definite quantity of which they throw off on combin¬ 
ing with each other. Heat, like 
other material substances, is here 
supposed not to evince its pe¬ 
culiar properties while in a state 
of combination with other matter, 
but only when isolated and free. 

This view gives a literal character 
to the expressions—liberation, 
disengagement, and evolution of 
heat during combustion. The 
phenomenon, it is to be remem¬ 
bered, is not confined to oxida¬ 
tion/ but occurs in an equal 
degree in combinations without 
oxygem, and indeed to a greater 
or less extent in all chemical 
combinations whatever. 


Pure oxygen has not as 
yet found anyconsiderable 
application in the arts. 
But by the chemist it is 
applied to support com¬ 
bustion with the view of 
producing intense heat. A 
jet of this gas from a gas¬ 
holder (fig. 97), thrown 
upon the flame of a spirit 
lamp, produces a blow¬ 
pipe flame of great in¬ 
tensity, adequate to fuse 
platinum. Or, if coal- 
gas be conducted to the 
oxygen jet (fig. 98), and 







804 


OXYGEN. 


the gases kindled as they issue together, aflame is produced of 
equally high temperature. Where a large quantity of oxygen is 
required, as in this application of it, the gas may be obtained by 
heating oxide of manganese in a cylinder of cast iron supported over 
a furnace, like the retort for coal gas. The calcined oxide does not 
regain its oxygen when afterwards exposed to the air, as was once 
supposed, but would still be of some value in the preparation of 
clilorine. 

Ozone ,—Wlien electric sparks are taken through perfectly dry 
oxygen, a small portion of the gas acquires new properties, according 
to A. de la Kive, and is supposed by Berzelius to pass into an alhi- 
tropic condition, in which it is named ozone from the peculiar odour 
it possesses, and which is somewhat metallic in character. The oxy¬ 
gen evolved from the decomposition of water in the voltameter 
(page 289) has the same odour. But the most ready mode of pro¬ 
ducing it is to place a few sticks of phosphorus in a quart bottle 
containing a little water at fhe bottom of it. While the sticks of 
phosphorus undergo the low combustion and are luminous, produc¬ 
ing fumes of phosphorous acid and absorbing much oxygen, they 
give rise to the appearance of ozone in the air of the bottle in a 
manner not at present understood. 

Tins substance has never been obtained in a separate state, but air 
impregnated with it acts very much as if a trace of chlorine gas were 
present, which ozone appears to resemble. In ozonized air, j>aper 
impregnated with a solution of iodide of potassium immediately 
becomes brown from the liberation of iodine; also paper containing 
a solution of sulphate of manganese soon becomes brown or black, 
from the formation of binoxide of manganese. The same air made 
to stream through a solution of the ycllow'-ferrocyaiiide of potassium 
converts it into the red ferricyanide. Ozone appears to be a gas not 
sensibly dissolved by water. It is destroyed by a heat of 140°, by 
contact with olefiant gas, and such other hydrocarbons us combine 
with chlorine, by phosphorus, or reduced silver. In the latter case 
nothing appears except oxide of silver. It passes, I find, through 
dry and porous stoneware, and is therefore not likely to be merely an 
electrical grouping of gaseous molecules. Professor Sclioubcin, who 
named tliis substtince, and has made it the object of many inve>tiga- 
tions, considers it to be a volatile peroxide of hydrogen. 
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SECTION 11. 

HYDBOGEN. 

Equivalent 1, the huftig of the Hydroffcn Scale, or 12.5 {o.vy- 
ffenss^lOO); gt/mhol II; deneity 69.20 {air lOOO); comhininy 
vwasure | j { {two volumeg.) 

Hjdrqgen gas, which was long confounded with other inflammable 
airs, was first correctly described by Cavendish, in 1766, It does 
not exist uucombined in nature; at least the atmosplicrc docs not 
contain any appreciable proportion of hydrogen. But it is oi»c of 
the elements of water, and enters into nearly every organic substance. 
Its name is derived from water, and yevyaia^ I give rise to, 
and refers to its forming water when oxidated. 

Preparation. —This element, although resembling oxygen in 
being a gas, appears to be more analogous to a metal in its relations 
to otlter elements. By heating oxide of mercury, it is resolved into 
oxygen and mercury; and several other metallic oxides, such as those 
of silver and gold, are susceptible of a similar decomposition. But 
some others are deprived of only a portion of their oxygen by the 
most intense heat, such as biiioxidc of manganese; and many, such 
as the protoxide of lead, are not decomposed at all by simple calcina¬ 
tion. By igniting the latter oxide, how ever, mixed with charcoid, its 
oxygen goes off in combination with carbon, as carbonic oxide, and 
the lead is left. The oxide of hydrogen or water is similarly affected. 
Potassium and sodium brought into contact with it, at the tempera¬ 
ture of the air, combine with its oxygen, and ore converted into the 
oxides potash and soda; and hydrogen is consequently liberated. 

Iron and many other metals decompose water, and become oxides, 
at a red heat. Hence, liydrogen gas is sometimes procured by trans¬ 
mitting steam through an iron tube filled with iron turnings, placed 
across a furnace and heated red-hot (fig. 96). 


Fio. 96. 
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The vapour is obtained by boiling water in the small retort a, and 
the gas produced by its decomposition collected in the usual manner 
at the pneumatic trough. But it is necesssry to have a flask h be¬ 
tween the iron tube and the trough, to prevent an accident from the 
water of the trough finding access to the red hot tube, in the event 
of condensation of the vapour in «. 

Some other compounds of hydrogen are decomposed more easily 
than water, by iron and zinc. The chloride of hydrogen or hydro¬ 
chloric acid is decomposed by these metals, and evolves hydrogen at 
the ordinary temperature of the air. But this gas is more generally 
obtiuned by putting pieces of zinc or iron into oil of vitriol or the 
concentrated sulphuric acid, diluted with six or eight times its bulk 
of water. The hydrogen is then derived from the decomposition of 
the proportion of water intimately united with the acid, as illustrateil 
in the following diagram, zinc being used, and the quantities ex-- 
pressed:— 

Before decomposition. After deconiposition. 

49 oil of vitriol, or [ Hydrogen . . 1 -1 Hydrogen. 

sulphate of -j Oxygen . . 8 ^ 

water . . . (Sulphuric acid 40 

82.52 zinc .... Zhic . * . . 32.52^ ^,=.80.52 Sulphate of 

-oxide of zinc. 

81.52 81.52 81.52 

Or by symbols :— 

H O + S O 3 and Zii = Zn O + S 0,„ and H. 

The zinc dissolves in the acid with efi'ervcscence, from the escape of 
hydrogen gas. It will be observed that the products after dewnnpo- 
sition, mentioned in the last column, hydrogen and sulphate of oxide 
of zinc, are similar to those before decomposition, in the first column, 
zinc and sulphate of water; and that the change occurring is simply 
the substitution of zinc for hydrogen in the sulphate of n ater. The. 
large quantity of water used with the acid is useful to dissolve the 
sulphate of zinc formed. 

Zinc is generally preferred to iron, in the preparation of hydrogen, 
and i.s previously granulated, by being fused in a stone-ware crucible, 
and poured into water ] if sheet zinc be used, which is better, it is cut 
into small pieces. The common glass rcstort may he used in the exp(;ri- 
ment, or a gas-bottle, such as the half-pound phial (fig. 97), with a cork 
having two perforations fitted with glass tubes, one of wliicli ch;scends 
to the bottom of the bottle, and is terminated cxtenuilly by a funnel 
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Fio, 97 , for introducing the acid, whilst the 

, other is the exit tube, by which the hy, 
drogen escapes. With an ounce or two 
of zinc in it, the bottje is two-thirds 
filled with water, and the undiluted 
acid added froin time to -time by the 
funnel, so as to sustain a continued 
eft'ervescenpc. No gas escapes by the 
funnel fube, as its extremity within the 
bottle is always covered by the fluid. 
To produce large (|uaiitities, a fialf^ 
gallon stone-ware jar may be mounted 
as a gas bottU^, with a flexible metallic 
pipe fitted to the cork as the exit tube. Tliis gas may be collected, 
like oxygon, either in jars over the pneumatic trough, or in the gasT 
holder. The first jar or two filled will contain the air of the gas? 
bottle, and tlierefore must not be considered as pure hydrogen. One 
ounce of zinc is found to cause the evolution of 615 cubic inches of 
hydrogen gas. 

Propertien ,—Hydrogen gas thus prepared is not absolutely pure, 
but contains traces of sulphuretted hydrogen and carbonic acid, 
which may he removed by agitating the gas ith lime-water or eaus*^ 
tic alkali. It liixs also a particular odour, which is not essential-to 
hydrogen, as the gas evolved from the amalgam of sodium, acted on 
by pure water without acid, is perfectly inodorous. An oily com» 
pound of carbon and hydrogen, which appears to be the cjiusq of this 
odour, may be separated in a sensible quantity from the gsis prepared 
by iron, by transmitting it tlirough sdcohol. Of the pure jgas, water 
does not dissolve more than 1 ^ per cent, of its hulk- Jlydrogcji lias 
never been liquefied bv cohl or pressure. 

Hydrogen is the ligntest substance in nature, being sixteen times 
lighter than oxygen, and 11.4 times lighter than air; 100 cubic inches 
of it weigh only 2.11 grains. Soap-bubbles blown with this gas 
ascend in th(.i atmosphere; and it is used, as is wh‘11 known, to inflate 
balloons, which begin to rise when the weight of the stuff of which 
they arc made and the hydrogen together, are less than the weight 
of an e(iual bulk of air. A light hag is prepared for making this 
experiment in the chamber, by ilistending the lining membrane of 
the croj) of the turkey, which may weigh 35 or 36 grains, and when 
filled with hydrogen, about 5 grains more, or 41 grains; the same 
bulk of air, however, would weigh 50 or 51 grains; so that the little 
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balloon when filled with hydrogen has a buoyant power of 9 or 10 
grains. Larger bags are prejiarcd for the sarae purpose, of gold¬ 
beaters* skin. Sounds produced in this gas were found by Leslie to 
be extremely feeble; much more feeble, indeed, than its rarity compared 
with air could account for. Hydrogen may bo taken into the 
lungs without inconvenience, when mixed with a large quantity 
of air, being in no way deleterious; but it does not, like oxygen, 
support respiration, and therefore an animal placed in pure hydro¬ 
gen soon dies of suffocation. A lighted taper is extinguished in 
the same gas. 

Hydrogen is eminently combustible, and burns when kindled in 
the air with a yellow flame of little intensity, which moistens a dry 
glass jar held over it; the gas combining with the oxygen of the air 
in burning, and producing water. If before being kindled the gas 
is first mixed with enough of air to burn it completely, or w ith be¬ 
tween ta o and three times its volume, and then kindled, the combus¬ 
tion of the whole hydrogen is instantaneous and attended witli explo¬ 
sion. With pure oxygen, instead of jiir, the explosion is much more 
violent, particularly w hen the gases arc mixed in the proportions of 
two volumes of hydrogen to one of oxygen, which arc the j)ropcr 
quantities for combination. The combustion is not thus propagated 
through a mixture of these gases, when cither of them is in great 
excess. Tile sound in such detonations is occa¬ 
sioned by the concussion which the atmosphere 
receives from the sudden dilatation of gaseous imit- 
ter, in this cast; of steam, which is prodigiously ex¬ 
panded from the heat evolved in its formation. 

A musical note may be produced by means of 
these detonations, when they are made to succeed 



A each other veiy rapidly. If hydrogen be generated 

I i in a g.is bottle (fig. 98), and kindled as it esca[)cs 

/ from an upright glass jet having a small aperture, 

j-g will be found to burn tranquilly; but on 

lyjKgpi holding an open glass tube of about tw'o'feot in 
length over the jet, like a chimney, the flame will 
he elongate 1 and become flickering. A succession of little detona¬ 
tions is jiroduced, from the gas being carried up and mixing with 
the air of the tul>e, w hich follow each other so quickly as to produce 
a continuous sound or musical note. 


fcxiveral circumstance's afiect the combination of hydrogen with 
oxygen, wrhich arc im^mrtant. These gsiscs may be mixed tiigethcr in 
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a glass vessel, and preserved for any length of time without combin¬ 
ing. But combination is instantly determined by flame, by passing 
the electric spark through the mixture, or even by introducing into 
it a glass rod, not more than just visibly red-hot. Hydrogen, indeed, 
is* one of the more easily inflammable gases. If the mixed gases be 
heated iu a vessel containing a quantity of pulverized glass, or any 
sharp powder, they begin to unite in contact with the foreign body 
in a gradual manner without explosion, at a temperature not exceed¬ 
ing 660°. The presence of metals disposes them to unite at a still 
lower temperature; and of the metals, those which have no disposi*- 
tion of themselves to oxidate, such as gold and platinum, occasion 
this slow combustion at the lowest temperature. In 1824, Dobe- 
rciiier made the remarkable discovery that newly prepared spongy 
platinum has an action upon hydrogen mixed with oxygen, indepen¬ 
dently of its temperature, and quickly becomes red-hot when a jet of 
hydrogen is tlirown upon it in air, combination of the gases being 
cflected by their contact with the metal. In consequence of this 
ignition of the platinum the hydrogen itself is soon inflamed, as it 
issues from the jet. An instrument depending upon this action of 
platinum has been constructed for producing an instantaneous light. 
Aftcm'ards, Mr. ITaraday observed, that the divided state of the 
platinum, although favourable, is not essential to this action; and 
that a plate of that metal, if its surface be scrupulously clean, will 
cause a combination of tlie gases, accoinpauied with the same pheno¬ 
mena as the spongy platinum. Tliis Jiction of platinum is manifested 
at temperatures considerably below the freezing point of water, and iu 
an explosive mixture largely diluted with air or hydrogen. Spongy 
platinum, made into pellets with a little pipe-clay, and dried, wlieii 
introduced into mixtures of oxygen and hydrogen will be found to 
cause a gnulual and silent combiiiaiion of the g'ases, in whatever 
proportions they are mingled, which will not cease till one of them is 
completely exhausted. The theory of this effect of platinum is very 
obscure. It btdongs to a class of actions depending upon surface, not 
confined to that metal, and by which other combustible vaporous 
bodies are affected besides hydrogen. 

The flame of hydrogen, although so slightly luminous, is intensely 
hot; few combinations producing so high a temperature as the com¬ 
bustion of hydrogen. In the oxi-!»ydrogeu blow-pipe, oxygen and 
hydrogen gases are brought by tubes o and h (fig. 99, p. 310), from 
different gas-holders, and allowed to mix immediately before they 
escape by the same orifice, at which they arc inilamed. This is most 
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Fig. 99. 



safely effected by fixing a 
jet for the oxygen within 
tlie jet of hydrogen (fig. 
lOO), so that the oxygen 
is introduced into the 
middle of the flame of 
hydrogen—a construction 
first proposed by Mr. 
Maugham^ and adapted 
to the use of coal-gas 
instead of hydrogen by 
Mr. Daiiiell.* Each of 
the gases may be more 
conveniently containe<l in 
a separate air-tight bag of 
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Macintosh cloth capable of holding from 4 to C cubic feet of ga.*?, 
and provided with press-boards, Tliese require to be loaded vvitli 
two or three 5Clbs., wlien in use, to send out the gas with sufli- 
Fig. 101 . cient pressure. At tliis ' 

flame the mo.st refrac¬ 
tory suhstanCe.s, such 
us pipe-clay, .silica and 
platinum, tire fused with 
facility, and the latter 
e\'en dissipated in the 
state of vapour. Tlie 
flame itself, owing to 
the absence of solid matter, is scarcely luminous, but any of the 
less fusible earths, upon which it is thrown,—a mass of quick-lime> 
for instance (a^ flg. 90),—is heated most intensely, and diffuses a 
light, whicli, for Uhitenfcss and brilliancy, may be compared to 
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that of the sun. With the requisite supply of the gases, 
this light may be sustained for hours, care being taken to 
move the mass of lime slowly before the flame, so that the same 
surface may not be long acted upon; for the high irradiating 
power of the line is soon impaired, it is supposed from a slight 
agglutination of its particles occasioned by the heat. This light, 
placed in the focus of a parabolic reflector, was found to be 
visible, in the direction in which it was thrown, at a distance of 
60 miles, in one experiment made by Mr. Drummond, when using it 
Us a signal light. The heating effects are even more intense when 
the gases are forced into a common receptacle, and allowed to escape 
from under pressure, but there is the greatest risk of the flame pass- 
iiig back tlirough the exit tube and exploding the mixed gases; an 
accident which would expose the operator to the greatest danger. 
Mr. Hemming^s apparatus, however, may be used without the least 
aj)prchension. A common bladder is used to hold the mixture, and 
the gas before reaching the jet, at wliicli it is burned, is made to pass 
through his safety tube. This consists of a brass cylinder about six 
inches long and fths of an inch wide, filled with fine brass wire 
of the same length, wliicli is tightly wedged by forcibly inserting a 
pointed rod of metal into the centre of the bundle. The conducting 
jiower of the metallic channels through wliich the gas has then to 
j)ass is so great ns completely to intercept the passage of flame. A 
similar safety tube of smaller size is interposed at 6 , in fig. 99, of the 
first arrangement. 

Hydrogen is capable of forming two compounds with oxygen, 
namely w^ater, which is the protoxide, and the binoxide of hydrogen. 

The most important of the [)resent applications of hydrogen gas is 
ill the oxi-hydrogen blow-pipe. It has been superseded, as a material 
for inflating balloons, by coal gas, the balloon being proportionally 
enlarged to compensate for the less buoyancy of the latter gas. 


PROTOXIDE OP HYDROGEN.-WATER, 

Equivalent 0, or 113.5 on th^ oA'yyen scale; forntula H-f-O, 
or H O; density 1 ; as steam 633 (air 1000 ); combining 
measure of steam \ | ] . 


Mr. Cavendish first demonstrated, in 1781, that the product of 
the combustion of hydrogen and oxygen is water. He burned 
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known quantities of these gases in a dry glass vessel^ and found that 
water was formed in quantity exactly equal to the weights of the 
gases which disappeared. It was afterwards established by Humboldt 
and Gay-Lussac, that the gases unite rigorously in the proportion of 
two volumes of hydrogen to one volume of oxygen, and that the 
water produced by their union occupies, while it remains in the state 
of vapour, exactly two volumes (page 143). The proportion of the 
constituents of water by weight was determined witli great care by 
Berzelius and Dulong. Their method was to transmit dry hydrogen 
gas over a known weight of the black oxide of copper, contained in 
a glass tube, and heated to redness by a lamp. The gas was after¬ 
wards conveyed through another weighed tube containing the hygro- 
metric salt, chloride of calcium. The hydrogen gas in passing over 
the oxide of copper, combines with its oxygen and forms water, 
which is carried forward by the excJess of hydrogen gas, and absorbed 
in the chloride of Calcium tube. The weight of this water being as¬ 
certained, the proportion of oxygen it contains is determined by 
ascertaining the loss which the oxide of copper has sustained: the 
difference is the hydrogen. 

Tlie apparatus for such an experiment is illustrated in the following 
diagram (fig. 102 ). The oxide of copper to be reduced is contained 
ill F, a small flask of hard glass, having two openings, and heated 
by a spirit lamp. Tliis flask communicates with another, G, In¬ 
tended to receive the greater part of the water produced in the experi¬ 
ment, which is followed by a bent tube H, containing fragments of 
pumice soaked in oil of vitriol, intended to receive the last portions. 
The hydrogen gas for this purpose must be very pure, and thoroughly 
diy* Tt is evolved slowly from a gas-bottle A, and passes through a 
second bottle B, and the bent tube C, both containing a concentrated 
solution of caustic potash, and afterwards the bent tube D, contain¬ 
ing a solution of chloride of mercury in pumice : and lastly through 
the bent tube P, containing oil of vitriol in pumice, proceeding thence 
entirely purified into F, and the excess of hydrogen gas escaping by jT. 
Numerous most careful experiments, lately executed in this manner 
by M. Dumas, prove that water consists exactly by weight of— 

Oxygen • * . 88*91 * . 8 

Hydrogen . « . 11'09 4 • 1 

100*00 9 

The oxygen and hydrogen are therefore combined exactly in the 
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I’lo 102. 





proportion of 8 to 1, as appears by the proportions of the last column* 
This experiment serves not only to determine rigorously the cjomposi- 
tioii of water, but it offers also the best method of ascertaining the 
composition of such metallic oxides as are de-oxidized by hydrogen. 

Properties ,—When cooled down to 32°, water freezes, if in a state 
of agitation, but may retain the liquid condition at a lower tempera¬ 
ture, if at rest (page 42) ; the ice, however, into <which it is con¬ 
verted cannot be heated above 32° without melting. Ice is lighter 
than water, its specific gravity being 0.916; and one of the 
forms (lig. 103) of its crystal is a rhomboid, very nearly resembling 
Iceland spar* 


Fio. 103. 





Water is clastic and compressible, yielding, according to Oersted, 
53 millionths of its bulk to the pressure of the atmosphere, and, 
like air, Irt proportion to the compressing force for diflereut pres¬ 
sures. The peculiarities of its expansion by heat, while liquid, have 
alr(?ady beeli fully described (page 9). Under a barometric pressure 
of 80 inches, it boils at 212°^ but evaporates at all inferior tempera¬ 
tures. Its boiling point is elevated by the solution of salts in it, 
and the temperature of the steam from these solutions is not con¬ 
stantly 212°, as has been alleged, but that of the last strata of liquid 
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through which the steam has passed. When mixed with air, the 
vapour of water has a tendency to condense, it is said in vesicles, 
which inclose air ; forming in this condition the masses of clouds, 
which remain suspended in the atmosphere from the lightness of the 
vesicles, the substance of mists and fogs, and ** vapour*^ generally, 
in its popular meaning. The vesicles may bo observed by a lens of 
an inch focal length, over the dark surface of hot tea or coftee, mixed 
with an occasional solid drop w'hich contrasts with them. According 
to the experiments of Saussure, made upon the mists of high moun¬ 
tains, these vesicles generally vary in size from the 1-4500th to the 
1-2780th of an inch, but are occasionally observed as large as a pea. 
They are generally condensed by their collision into solid drops, and 
fall as raiu ; but their precipitation in that form is much retarded in 
some conditions of the atmosphere. It is proper to add, however, 
that Prof. J. I'orbes and several other eminent meteorologists dis¬ 
believe entirely the existence of vesicular vapour. 

It was lately discovered by Mr. Grove tliat the vapour of water is 
decomposed to a small but sensible extent by an exceedingly high 
temperature, and resolved into its constituent gases. If a small ball 
of platmum, of the size of a large pea, with a wire attiiched to it, 
be heated in the flame of the oxi-hydrogen blow-pipe to bright 
whiteness, and till it begins to show symptoms of fusion, and then 
plunged into hot water, minute bubbles of gas rise with the steam, 
which consist of a mixture of oxygen and hydrogen. Only a small 
portion of the steam, not amounting to even one-thousandth part of 
the whole jjrodnced (it is supposed), suffers decomposition. The 
occurrence of a decomposition in such circumstances, which is un¬ 
questionable, appears singular, seeing that oxygen and hydrogen 
certainly combine at-the same, or even a higher, temperature in the 
flame of the blow-pipe, which is employed to heat the platinum ball. 
The combustion in the blow-pipe may, indeed, be incomplete, but 
tliis is unlikely, for I find that when the mixed gases are exploded 
in a glass tube, the combustion is so complete that certainly nut one 
part ill four thousand, if any portion whatever, escapes combustion. 
It is a question whether the decomposition of the steam by ignited 
platinum is not an exhibition of the deoxidizing action of light rather 
than the effect of beat j the blow-pipe flame itself being scarcely 
visible, while the decomposing platinum, although necessarily of a 
lower temperature, is highly incandescent. 

A cubic inch of water at 62*^, Bar. 30 inches, w'eighs in air 
252.458 grains. 'Phe imperial gidloii has been defined to contain 
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10 pounds avoirdupois (70,000 grains) of distilled water at that 
temperature and pressure. Its capacity is therefore 277.19 cubic 
inches. The specific gravity of water at 60° is 1, being the unit to 
which the densities of all other liquids and ^olids are conveniently 
referred; it is 815 times heavier than air at that temperature. 

In its chemical relations water is eminently a neutral body. Its 
range of affinity is exceedingly extensive, water forming definite com¬ 
pounds, to all of which the name hydrate is applied, with both 
acids and alkalies, with a large proportion of the salts, and indeed 
with most bodies containing oxygen. It is also the most general of 
all solvents. Gay-Lussac has observed that the solution of a sidt is 
uniformly attended with the production of cold, whether the salt be 
anhydrous or hydrated, and that, on the contrary, the formation of a 
definite hydrate is always attended with heat: a circumstance which 
indicates an essential difference between solution and chemical com¬ 
bination.* Even the dilution of strong solutions of some salts, such 
as those of ammonia, occasions a fall of temperature. The solvent 
power of water for most bodies incretxses with its temperature. Thus 
at 57° water dissolves one-fourth of its weight of nitre, at 92° one- 
half, at 131° an equal weight, and at 21:^° twice its weight of that 
salt. Solutions of such salts, saturated at a high temperature, 
deposit crystals on cooling. But the crystallization of some saturated 
solutions is often suspended for a time, in a remarkable mamier, and 
afterwards determined by slight causes. Thus, if two pounds of crystal¬ 
lized sulphate of soda be dissolved in one ])ound of water, with the 
assistance of heat, and the solution be filtered while hot through 
paper, to remove foreign solid particles, and then set aside in a glass 
matrass, with a few drops of oil on its surface, it may become per¬ 
fectly cold without crystallization occurring. Violent agitation even 
may not cause it to crystallize. But when any solid body, such m 
the point of a ghiss rod, or u grain of sidt, is introduced into the 
solution, crystals iiimiediately begin to form about the solid nucleus, 
and shoot out in all directions through the liquid. The solubility of 
many salts of soda and lime does not increase with the temperature, 
like that of other salts. 

Water is also capable of dissolving a certain quantity of air and 
other gases, which may again be expelled from it by boiling the 
water, or by placing it in vacuo. Rain-w-ater generally affords 
2^ per cent, of its bulk of air, in wliich the proportion of oxygen 

* Aim. dc Ch. ct di; I'liys. 1. lx\. p. 407. Set ulbu piigc 2lS of this work. 
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gas is SO higli as 32 per cent., and in water from freshly melted snow 
84.8 per cent., according to tlie observations of Gay-Lussac and 
Humboldt, while the. oxygen in atmospheric air docs not exceed 
21 \)er cent. Boussingault finds that the quantity of air retained by 
water, at an altitude of 6 or 8000 feet, is reduced to one-third of its 
usual proportion. Hence it is that fishes cannot live in Alpine 
lakes, the air contained in the water not being in adequate quan¬ 
tity for their respiration. The following table exhibits the absorba¬ 
bility of different gases by water deprived of all its air by ebul¬ 
lition :— 

100 cubic inches of water at 60® and 30 Bar., absorb of 


Hydrosulphuric 

acid 

Dalton and Henry. 

100 C. I. 

Saussurc. 

. 253 

Carbonic acid 

• 

100 

. 106 

Nitrons oxide 

* 

100 

. 76 

Olefiant gas • 

• 

12.5 . 

. 15.3 

Oxygen 

• 

3.7 . 

0.5 

Carbonic oxide 

m 

1.56 . 

. 6.2 

Nitrogen 

1 

. 1.56 . 

. 4.1 

Hydrogen 

• 

1.56 . 

. 4.6 


The results of Saussurc are probably nearest the truth for hydro- 
sulphuric acid and nitrous oxide, but for the other gases those of 
Dalton and Henry are most to be depended on. 

Uses ,—Bain received after it has continued to fall for some time 
may be taken as pure water, excepting for the air it contains. But 
after once touching the soil, it becomes impregnated with various 
earthy and organic matters, from which it can only be completely 
purified by distillation. A copper still should be usi?d for that pur¬ 
pose, provided with a copper or block tin ■w^n, which is not used 
for the distillation of spirits, as traces of alcohol remaining in the 
worm and becoming acetic acid, cause the formation of acetate of cop¬ 
per, which would be washed out and contaminate the distilled water. 
Tlie use of white lead cement about the joinings of the n orm is also 
to be avoided, as the oxide of lead is readily dissolved by distilled 
water. The first portions of tlie distilled should be rejected, t \8 
they often contain ammonia, and the distillation should not be carried 
to dryness. 

Water employed for economical purposes Is generally submitted to 
a more simple process, that of filtration, by which it is rendered clear 
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and transparent by the removal of matter mechanically suspended in 
it. Such foreign matter may often be removed in a considerable 
degree by subsidence, on which account it is desirable that the water 
should stand at rest for a time, before being filtered. The filtration 
of liquids generally is effected, on the small scale, by allowing them 
to flow through unsized or filter paper, and that of water, on the 
large scale, by passing it through beds of sand. The sand preferred 
for that purpose is not fine, but gravelly, and crushed cinders or fur- 
jiace clinkers may be substituted for it. Its function, as that also of 
the paper in the chemist’s filter, is to act as a anpjwrl for the finer 
particles of mud or preci})itate which are first deposited on its sur- 
fiice, and form the bed that really filters the water. When the mud 
accumulates so as to impede the action of the sand filter, the surface 
of tlie sand is scraped, and an inch or two of it removed. 

Fig. 104. 



rig. 101 is a section of the water-filter, as it is usually constructed 
for public works in Lancashire. An excavation of about six 
feet in depth, aiul of sufficient extent, is lined to a considerable 
thickness with well frtlddlcd clay, to make it water-tight. Upon 
the clay floor is laid first a stratum of lai'ge stones, then a stratum 
of smaller stones, and, finally, a bed of coarse sand or gravel, L L. 
To allow the air to escape from the lower beds, small upright tubes, 
open at both ends, 13 and C, arc inserted in these beds, and rising 
above the surface of the water W W. The filtered water enters, from 
the lowest bed, into a large open iron cylinder A, the lower part of 
which is perforated for that purpose. The filtered water stands at 
the same height in the gauge tube D as in A; this height is observed 
by means of a float balanced by a weight which traverses a scale of 
feet and inches at D. 
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Upward filtration through a bed of sand is sometimes practised, but 
it has the disadvantage that the filter cannot be cleaned in the manner 
indicated. Piltering under liigh pressure, and with great rapidity, has 
been practised in a very comj)act apparatus, consisting of a box, not 
above three feet square, filled with sand. This filter, which becomes 
speedily choked with the mud it detains, is cleansed by suddenly 
reversing the direction in which the M'ater is passing through the 
box, which occasions a shock that has the etfect of loosening the 
sand, and allowing the water to bring away the mud. The action of 
such a filter, erected at the Hotel-Dieu of Paris, was favourably re¬ 
ported ou by M. Arago*. 

Matter actually dissolved in u'ater is not affected by filtration. 
repetition of the process would withdraw the salt from sea-water and 
make it fresh. Hence the impregnation of peaty matter, which riv(a* 
water generally contains, and to the greatest extent in summer, when 
the w ater is concentrated by evaporation, is not removed by filtering. 
Animal charcoal is the proper substance for discolouring liquids, as 
it withdraw's organic colouring matter, even when in a state of so¬ 
lution. V 

In the process of clarifying liquors by dissolving in them the wdiitc 
of egg and other albuminous fluids, the temperature is raised so as 
to coagulate the albumen, which thus forms a debcate net-w'ork 
throughout the liquid, and is afterwards thrown up as scum in 
the boiling, carrying all the foreign matter suspended in the licpiid 
along with it. 

Gelatine, isinglass, or other ‘^finings,” added to wine in a turbid 
state, produce a precipitate with its tannin, which carries down all 
suspended matter; and on the settling of this precipitate, or its 
separation by filtering, the wine is found transparent. 

The most usual earthy impurities in Avater, occasioning its hard¬ 
ness, are sulphate of lime, and tlie carbonat#of lime dissolved in 
carbonic acid, botli of wdiich are precipitated on boiling tlie water, 
and occasion an earthy incrustation of the boiler. 

So far as this precipitation is due to carbonate of lime it may bn 
avoided by adding hydrochlorate of ammonia to the w ater, by wlrich 
the lime is converted into chloride of calcium and becomes .soluble. 
Water containing carbonate of lime may be also softened by the ad¬ 
dition of lime-water, as recommended by Professor Clark. Tliarnes 
water requires for this purpose the addition of about one-fourteenth 


• Annalcs dc Cliiin. ct tie Phys. t. Ixv,, p. 428. 
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of its bulk of liine-water. This action of lime-water will be ex¬ 
plained under carbonic acid. 

When waters contain iron, they are termed chalybeate: this metal 
is most frequently in the state of carbonate dissolved in carbonic 
acid, and rarely in a proportion exceeding one grain in a pound of 
water. The sulphuroun waters, which are recognised by their pe¬ 
culiar odour, and by blackening silver and salts of lead, contain 
liydrosulphuric acid in a proportion not exceeding the .usual 
proportion of air in spring water, and generally no oxygen. Saline 
waters for the most part contain various salts of lime and magnesia, 
and generally common salt. Their density is always considerably 
higher than that of pure water. Sea-water contains j)er cent, 
of saline matter, and has a density 1.0274. Its composition is in¬ 
teresting, as the sea comes to be the grand depository of all the 
soluble mutter of the globe. A minute analysis of the water of the 
English Channel, executed by IMr. Schweitzer, is subjoined 


atcr of the English CKaiiuel. 

Grains. 

AVatcr .... 

. 964.74372 

Chloride of sodium 

. 27.05948 

- potassium . 

0.76552 

- magnesium 

3.66658 

Bromide of magnesium 

0.02929 

Sulphate of magnesia . 

2.29578 

- lime . 

. .1.40662 

Carbonate of lime 

0.03301 


1000.0000 


In addition to those constituents, distinct traces of iodine and of 
ammonia were (letected.* According to Professor Forchammer, tlie 
wlu)lc ([uantity of saline matter in water from »li(rerent parts of the 
Atlantic varied from 3^7 ])arts (CJcnnan sea) to 30.6 parts (trojucs) 
in 1000 parts of the water. The relative proportion of the salts in the 
water of ditferent seas varied very little.f 

BINOXIDE OP HYDROGEN. 

Equivalent^ 17, or 212.5 on Oxygen Scale \ formula H-I-20, 
or IIO 2 . 

The second compound of hydrogen and oxygen is a liquid, con- 

• riiil. Maj;. !Jil Sc.rioB, Vol. xv. page r>8. 
t Keports of the British Assneiiitiuii, 1840, page 90, 
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taining twice as much oxygen as water, and is a body possessed of 
very extraordinary properties. It was discovered by Thenard, in 1818, 
who prepared it by a long and intricate process. 

Preparation,—The formation of the binoxide of hydrogen depends 
upon the existence of a corresponding binoxide of barium. The 
latter is obtained by calcining pure nitrate of baryta at a high tem¬ 
perature in a porcelain retort, and afterwards exposing the earth 
baryta or protoxide of barium, which is left, in a porcelain tube 
heated to redness, to a stream of oxygen gas, which the protoxide 
rapidly absorbs, becoming binoxide. Treated with a little water the 
binoxide of barium slakes and falls to powder, forming a hydrate, of 
which the formula is Ba O^+H O. Dilute acids have a peculiar 
action upon this hydrate, which w'ill be easily understood, if the 
binoxide of barium is represented as the protoxide united with an 
additional equivalent of oxygen, or as Ba 0 + 0. They combine 
with the protoxide of barium, forming salts of baryta, and the second 
equivalent of oxygen, instead of being liberated in consequence, 
unites with the w^ater of the hydrate, the HO of the preceding 
formula giving rise to HO+O or the binoxide of hydrogen, which 
dissolves in the water. Although it would be inconvenient to aban¬ 
don the systematic name binoxide of hydrogen for this compound, 
still it must be allowed that the propt'rties of the body, as well as its 
mode of preparation, are more favourable to the idea of its being a 
combination of water with oxygen, or oxtjffenated watery as it was 
first named by its discoverer, than a direct combination of its ele¬ 
ments. It is recommended by Thenard to dissolve the binoxide of 
barium in hydrochloric acid considerably diluted with water, and to 
remove the baryta by sulphuric acid, which forms an insoluble sul¬ 
phate of baryta. The hydrochloric acid, again firee in the liquor, is 
saturated a second time with binoxide of barium, and precipitated ; 
and after several repetitions of these two operations, the hydrochloric 
acid itself is removed by the cautious addition of sulphate of silver, 
and the sulphuric acid of the last salt by solid baryta. Such is an out- 
‘line of the process, but its success requires attention to a number 
of minute precautions, which are fully detailed in the Traitd de 
Chemie of the author quoted*. The weak solution of binoxide of 
hydrogen, which tliis process affords, may be concentrated by placing 
it with a vessel of strong sulphuric acid under the receiver of an 
air-pump, until the solution attains a density of 1.452, when the 


* Vol. i. page 479 of ilie 6th edition. 
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bilioxide itself begins to rise in vapour without change. It then 
contains 475 times its volume of oxygen. 

M, Pelouze abridges this process eonsiderably by employing hydro¬ 
fluoric acid or fluosilicic acid, in place of hydrochloric acid, to de¬ 
compose the binoxide of barium. By this operation, the baryta 
separates at once with the acid, in the state of the insoluble fluoride 
of barium, and nothing remains in solution but the binoxide of 
hydrogen. After thus decomposing several portions of binoxide of 
barium successively in the same liquor, the fluoride of barium may 
be separated by filtration, and the binoxide of hydrogen, which is 
still dilute, be concentrated by means of the air-pump. 

Proj)crtiefs .—Binoxide of hydrogen is a colourless liquid resem¬ 
bling water, but less volatile, having a inetidlic taste, and instantly 
bleaching litmus and other organic colouring matters. It is decom¬ 
posed with extreme facility, cllcrvcscing from escape of oxygen at a 
temperature of 50°, and when suddenly exposed to a greater heat, 
such as 212°, actually exjdoding from the rapid evolution of that 
gas. It is rendered more permanent by dilution witli water, and 
still more so by the addition of the stronger acids, while alkalies 
have the ojiposite etlect. 

The circumstances attending the decoinposition of this body are 
the most curious facts in its history. Many pure metals and metallic 
oxides occasion its instant amyous resolution into water and oxygen 
gas, by siin])le contact, without undergoing any change themselves, 
affording a striking illustration of catalysis (page 233) ; and this 
decomposition may excite an intense tcnqierature, the glass tube in 
which the cxiierimcut is made sometimes becoming red hot. Some 
protoxides absorb at the same time a portion of the oxygen evolved, 
and are raised to a higher degree of oxidation, but most of them do 
not; and certain oxides, such as the oxides of silver and gold, are 
reduced to the metallic state, tlieir own oxygen going oil* along witli 
that of the binoxide of hydrogen. The decomposition of these 
metallic oxides cannot he ascribed to the heat evolved, for oxide of 
silver is reduced in a very dilute solution of the binoxide of hydro¬ 
gen, although the decomposition is not then attended with a sensible 
elevation of temperature. The metallic oxides w hich are decomposed in 
this remarkable manner arc originally formed by the decomposition of 
other compounds, and not by the direct union of their elements, 
which, in fact, exhibit little affinity for each other. In this general 
diaracter they agree with binoxide of hydrogen itself. 

Uses .—^Thc bilioxide of hydrogen is a substance which it is ex- 

Y 
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ceedingly desirable to possess, with the view of employing it in bleach¬ 
ing, and for other purposes, as a powerful oxidating agent. But 
the expense and uncertainty of the j)rocess for prepjmng this com¬ 
pound have hitherto prevented any application of it in the arts, or 
even its occasional use as a chemical re-agent. 


SECTION III. 

NITROGEN. 

Synoyme, azote. Equiv. 14, or 17^(0=100); symbol N; 
density 971.37 ; combining measure | 1 1 • 

Dr. Butherford, of Edinburgh, examined the air which remains 
after the respiration of an animal, ajid found that after being w'ashed 
with lime-water, which removes carbonic acid, it was incapable of 
supporting either combustion or respiration. He concluded that it 
was a peculiar gas. Lavoisier afterwards discovered that this gas 
exists in the air of the atmosphere, forming indeed 4-5ths of that 
mixture, and gave it the name azote, (from o, privative, and life), 
from its inability to support respiration. It was aftcrw'ards named 
nitrogen by Chaptal, because it is an element of nitric acid. Besides 
existing in air, nitrogen fonns a constituent of most animal and of 
many vegetable substances. In a natural arrangement of the ele¬ 
ments, nitrogen appears to have its place between oxygen and 
phosphorus (page 173). 

Preparation ,—^Nitrogen is generally procured by allowing a com¬ 
bustible body to combine with the oxygen of a certain quantity of 
air confined in a vessel. For that purpose a little metallic or porce¬ 
lain cup may be floated, by means of a cork, on the surface of the 
water-trough. A few drops of alc'ohol are then introduced into the 
cup, or a small piece of phosphorus is placed in it, and being kindled, 
a tall beU jar is held over the cup, with its lip in the water. The 
combustion soon terminates, and the water of the trough rises in the 
jar. Alcohol does not consume the oxygen entirely, a small portion 
of it still remaining mingled writh the nitrogen j a certain quantity of 
carbonic acid gas is also produced by its combustion. But the com¬ 
bustion of phosphorus exhausts the oxygen completely, and leaves 
nitrogen unmixed with any other gas. 

Nitrogen may be likewise conveniently obtained by conducting 



NITROGEN. 


clilorine gas into diluted ammonia. Eor delicate purposes of re¬ 
search this gas is best prepared by carrying air through a tube filled 
with reduced metallic copper in a pulverulent form, and heated to 
redness, by which the oxygen is entirely absorbed. 

Properti(?s .—Nitrogen gas is tasteless and inodorous; has never 
been li(iucfied, and is less soluble in water than oxygen. It is a 
little lighter than air, which posscscs the mean density of 79.1 
volumes of nitrogen and 20.9 volumes of oxygen. Nitrogen is a 
singularly inert substance, and does not unite directly with any other 
single element, so far as T am aware, under the influence of light or 
of a high temperature, uidess, perhaps, oxygen and carbon. A 
burning taper is instantly extinguished in this gas, and an animal 
soon dies in it, not because the gas is injurious, but from the priva¬ 
tion of oxygen, which is recjuired in the rcsjnration of animals. 
Nitrogen appears to be chiefiy useful in the utmospliere, as a diluent 
of the oxygen, thereby repressing to a certain degree the activity of com¬ 
bustion and other oxidating processes. Of the fixation of free nitro¬ 
gen of ])lants, there is no evidence. When heated with oxygen, nitro¬ 
gen does not burn like hydrogen, nor undergo oxidation. But nitrogen 
may be made to unite with oxygen by transmitting several hundred 
electric sparks through a mixture of these gases in a tube, with 
water or an alkali present, and nitric acid is produced. The water 
formed by the combustion of hydrogen in air, or of a mixture of hydro¬ 
gen and nitrogeTi in oxygen, has often an acid reaction, which is due 
to a trace of nitric acid. But when the hydrogen is mixed with air 
in excess, so as to prevent great elevation of temperature during the 
combustion, the o.xidation of the nitrogen docs not take place (Kolbe). 
Nitric acid is also a product of-the oxidation of a variety of com- 
[)()nnds containing nitrog(ni. Ammonia mixed with air, on passing 
over spongy ])latinum at a tcmi)eratnre of about 572°, is decomposed, 
ami the nitrogen it contains is completely converted into nitric acid, 
by combining with the oxygen of the air. Cyanogen and air, under 
similar circumstances, occasion the formation of nitric and carbonic 
acids*. Nitric acid is also largely produced by the oxidation of 
organic matters during putrefaction in air, wdicn an alkali or lime is 
present, as in the natural nitre soils and artificial nitre beds. 

A suspicion lias always existed that nitrogen may be a compound 
body, but it has resisted all attempts to decompose it, and the evi¬ 
dence of its elementary character is cipially good with that of most 


* Kiililinan, Phil. Mag. 3d Scries, vol. xiv, [tage 157. 
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other bodies reputed simple. Before considering the compounds of 
nitrogen with oxygen^ we may notice the properties of atmospheric 
air, which is regarded as a meclianical mixture of these gases. 


THE ATaiOSPlTERE. 


According to the new and most careful determination of the weiglit of 
air by M, Eegnault, 100 cubic inches of atmospheric air, deprived of 
aqueous vapour aud the small quantity of carbonic acid it usually contains, 
w^eigh 30.82926 grains, at 60° and 30 Bar. Its density at the same 
temperatiu'e and pressure is estimated at 1000, and is conveniently 
assumed as the standard of comparison f(» the densities of gaseous 
bodies, as water is for solids and liquids. Hence, at 62°, air is 810 
times lighter tlian water, aud 11,000 times lighter than mercury. 
The bulk of air varies with ij;s temperature and the pressure aifectiug 
it, according to the same law's as other gases (pages 12 and 75)*. 

Tlie mean pressure of the atinosjiliere at the surface of the sea is 
generally estimated as equal to tlie weiglit of a column of mercury 
of 30 inches in height, which is about 15 pounds on the square 
inch of surface, and is equivalent to a column of water of nearly 
34 feet in height. The oxygen alone is equal to a column of 7.8 
feet of water over the whole eartli^s siirfj\ce, from which an idea may 
be formed of the immense (pinntity of that element, aud how' small 
the effect must be of the oxidating processes observed at the carth^s 
surface in diminisliiug it. If the atmosphere were of nnifonn 
density, its height, as inferred from the barometer, w ould be 11,000 


* I. Weight of 1 Liter of Gases, at 0° 


Atmospheric Air 
Nitrogen 
O.Tjgcn 
Hydrogen 
Carbonic Acid 


C., Bar. 0.76 meter (Bcgnault). 
In Grammes. 

1-29.3187 
1.256167 
1.429802 
0,089578 
1.977414 


II. Weight of 100 Cubic Inches of Gases j Bar. 29.92 inches. 

At 32* r. At 600 F. 

In Grains. In Grains. 

Atmospheric Air . . . 32.58684 . . 30.82926 


Nitrogen .... 31.66020 . 

Oxygen .... 36.13896 , 

Hydrogen .... 2,16210 . 

Carbonic Acid . . . 50.03856 . 

Here the French liter is taken at 61.028 English cubic inches; 
15.4440 grains; and the volume of air and the other gases, at 60' 
Tolnme at 32^^ being 1. 


29.95260 

34.18979 

2.04654 

47.33972 

the gramme at 
, 1 05701, their 
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times 30 inches, or 5.208 miles, but the density of air being pro¬ 
portional to the pressure upon it, diminishes with its elevation, the 
superior strata being always more rare and expanded than the inferior 
strata upon which they press. 


DENSITY OF THE ATMOSPHERE. 


Height above the sea in miles. Volume. 

0.1 

2.705 2 

5.41 4 

8-115 ... . . .8 

10.82 r . . . .16 

13.424 32 

16-23.64 


At a height of 2*705 miles (11,556 feet) the atmosphere is of half 
density, by calculation, or 1 volume is expanded into 2, and the 
barometer would stand at 15 inches ; the density is again halved for 
every 2*7 miles additional elevation. Erom calculations founded on 
the phenomena of refraction, the atmosphere is supposed to extend, 
in a state of sensible density, to a height of nearly 45 miles. It is 
certainly limited, probably from the expansibility of the aerial par¬ 
ticles having a natural limit (page 76). The atmospheric pressure 
also varies at the same place, from the ctfect of winds and other 
causes, which are not fully understood. Hence the use of the 
barometer as a weather glass ; for wet and stormy weather is generally 
preceded by a fall of the mercury in the barometer, and fair and 
calm weather by its rise. 

The temperature of the atmosphere is greatest at the earth^s 
surface, and has been observed to diminish one degree for every 
352 feet of ascent, in the lower strata. It is believed, how-ever, that 
the progressive diminution is less rajiid at great distances from the 
earth. But at a certain height, the region of perpetual congelation is 
attained even in the warmest climates; the summits of the Andes, 
which rise 21,000 feet, being perpetiially covered with snow under 
the equator. The line of perpetual congelation, wliich has been 
fixed at 16,207 feet at 0° latitude, descends progressively in higher 
latitudes, being 3,818 feet at 60°, and only 1*016 feet at 75°. The 
decrease of temperature with elevation in the atmosphere is ascribed 
to two causes, 1. To the property which air hns of becoming 
cold by expansion, which arises from an increase of its latent heat 
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with rareffiGtion. Tlic actual temperature of the cliflerent strata of 
the atmosphere is iiulccd believed to be that due to tlicir dilatation, 
supposing that they had all the same original temperature and 
density as the lowest stratum. 3. To the circumstance that the 
atmosphere derives its heat princijially from contact with the earth^s 
surface. The sun^s mys appear to sutler little absorption in ])assing 
through the atmosphere; but tliere are some observations on t^ie 
force of solar radiation which arc not easily reconciled with that cir¬ 
cumstance. A thermometer, of whicli the bulb is blackened, rises 
a certain number of degrees above the temperature of tlie air, 
Avhen exposed to the sun, but the rise is decidedly greater on high 
mountains than near the level of the sen(||^nd in temjjeratc, or even 
arctic climates, which is more remarkable, than within llie tropics. 
It is a C|Ucstion how solar radiation is obstructed in the hotter 
climates*. 

The blue colour of the sky has been found bv Brewster to be due 
to light that lias suffered jiolari/.ation, which is therefore reflected 
light, like the wliite light of clouds. The air of the atiuosjdierc 
must therefore have a disposition to absorb the red and jellow solar 
rays, and to reflect the blue rays. At great heights, the blue colour 
of the sky was observed by Theodore de Saussure to become deeper 
and deeper, being mixed with black, owing to tlie absence of white 
reflecting vapour or clouds. The red and golden tints of clouds ajipear 
to be connected with a remarkable property of steam observed by 
Professor J. Forlxjs. A light seen at night through steam issuing 
into the atmosphere from under a pressure of from 5 to 30 pounds 
on the inch, is found to appear of a deep orange red colour, exactly 
as if observed through a bottle containing nitrous acid vapour. Tlu^ 
steam, when it possesses this colour, is mixed with air, and fin the 
verge of condensation ; and it is known that the golden hues of 
sunset depend upon a large i)roportion of vapour in the air, and are 
indeed a popular prognostic of rain.f 

Windft .—The movement of masses of air, or wind, is always pro¬ 
duced by inequality of temperature of the atmosphere at difterciit 
points of the earth’s surface, or in different regions of the atmosphere 
of equal elevation. The primary movement is always an asceiuh’ng 
current, the heated and expanded air over some spot rising in a ver¬ 
tical column. Dense and colder air flows towaTd.s that point, pro- 

* Bumeli’s Meteorological Essays, 2d edit, 

t Pliil. Mag. JJd Series, vol. xiv. pp. 121 and 425, and vol. xv. pp. 25 and 411). 



THE ATMOSPHBaE. 


327 


ilucing the horizontal current which is remarked by an observer on 
the earth's surface. Some winds are of a very limited range, and 
dejiend upon local circumstances; such are the sea and land breeze 
experienced upon the coasts of tropical countries. From its low 
conducting power, the surface of the land is more quickly heated 
than the sea, so that soon after sunrise the expanded air over the 
former begins to ascend, and is replaced by colder air from the sea, 
forming the sea breeze. But after sunset, the earth's heat, being less 
in quantity, is more quickly dissipated by radiation than that of the 
sea, and the air over the land becomes dense and flows outwards, 
displacing the air over the sea, and producing tlie land breeze. It is 
obvious that these inferiQ||burrents must be attended by a superior 
current in an opposite direction, or that the air in these winds is 
carried in a perpendicular vortex of no great extent, of which the 
motion is reversed twice every twenty-four hours. A grand move¬ 
ment of a similar nature is produced in the atmosphere, from the 
high temperature of the equatorial compared with the polar regions 
of the globe; the air over the former constantly ascending, and 
having its place supplied by horizontal currents from the latter, 
within the lower region of the atmosphere. Hence, if the earth were 
at rest, the wind would constantly blow at its surface, from the poles 
to the equator, and in the opposite direction in the upper strata of the 
atmosphere. But the earth, aecompanied by its atmosphere, makes a 
diurnal revolution upon its axis, in which any point on its surfiicc is 
always passing to a point in space previously to the east of it, and with a 
velocity proportional to its circle of latitude on the globe; a velocity 
which is consequently nothing at the poles, and attains its maximum at. 
the equator. The result of this is, that the lower current or polar stream, 
in tending to the equator, is constantly passing over parallels of latitude 
which have a greater degree of velocity of rotation to the eiist, than 
the stream itself, wliich comes thus to be felt as a resistance from tlie 
east; and instead of appearing as a wind directly from the north, as 
it really is, this stream appears as a wind from the east, with a certain 
northerly declination, wliich diminishes as the stretim approaches the 
equator, where it flows directly from the east, constituting the great 
trade-wind which constantly blow's across the Atlantic and Psicific 
Oceans from east to west within the tropics. Our keen east winds 
in spring have a low temperature, which attcjsts their arctic origin. 
The upper or equatorial current has its course deflected by similar 
causes ; starting from the ('.(piator it has a greater projectile force to 
the east than the pnraJhds of latitude over which it Ims to pass, and 
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retaining this motion towards the east it appears, as it passes over 
them, a west wind or wind from the west. The upper current, flow¬ 
ing in the opposite direction from the trade-wind below, was actually 
experienced by Humboldt and Bonpland on the summit of the Beak 
of Teneriffe, and has been indicated at various times by the transport 
of volcanic ashes by its means. 

These currents, instead of llowing in a uniform manner over and 
under each other, appear often to descend, and to How side by side, 
giving rise to hot and cold seasons in their different courses, and the 
great variability of climate of the tem]jeratc zone. On tlic great 
oceans, within the temperate zone, westerly winds prevail greatly over 
easterly, which are supposed by some tlio iijiper current de¬ 

scending to the surface of the earth. These M’(*.sterly winds temjier 
the climate of the western sea-board both of Europe and America, 
which is much milder than the climate of their eastern coasts. 

The nature of the movement of the atmosphere in hurricanes has 
lately received considerable elucidation. It a]){)ears that they nmvi^ 
in circle.^, and are great horizontal vortices, which arc probably })ro- 
duced by eurreut.s of air meeting obli(|uely, like tbe little eddies or 
whirhvinds formed at the corner of streets. The whole vortex also 
travels, but its movement of translation is slow compared with its 
velocity of rotation.* 

Some hurricanes in tlu; Eniteil States liave a path of only a hnv 
hundred yards in width, but extending for many miles. An inte¬ 
resting theory of tlic origin of those, and many otlier local winds, has 
been proposed by ]\rr. Espy, and fa\ onrably re])orted upon by AT. 
Babinet, to the French Institute. When a colnmii of air, saturated 
with vapour at a higli temj)eratnro, nseends in the atmosjdiere, it 
expands by the removal of pressure and b(*eomes cohh i*, as litnjpeiis 
with dry air of the same temperature. But oti being cooled to a 
certain point of temperature l)y its aseent, vapour condenses in the 
former, and raising the temperature of the column makes it specifi¬ 
cally lighter and more bnoyaiit. The a.scent“of damp air lias thus a 
tendency to perpetuate itself, and may give rise to a most powerful 
upward aspiration, as is shewn by calculation, rpiitc adcciuate to 
prostrate trees, and produce the mechanical effects observed; the 
whole funnel being carried over the surface of the earth by a more 
general movement of the atmosphere. 

Vapour ,—Tbe properties of the atmosphere are much affected by 


* f-olonel Reid rm the r^aw of Storms; also the work of Mr. Esjpy. 
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the presence of watery vapour in it, which it acquires from contact 
with the surface of the sea, lakes, rivers, and humid soil. The quan¬ 
tity which can rise into the air is limited by its temperature (p. 90), 
and comes to be deposited again from various causes. The surface 
of the earth is cooled by radiation, and occasions the precipitation of 
dew from tlie air in contact with it. Vapour is also condensed into 
drops, from various agencies within the atmosphere itself. The fol¬ 
lowing are the principal causes of clouds and rain. 1. Tlie ascent of 
air in the atmosphere, and its consequent rarefaction, which is 
attended witli cold. A cloud will be observed within the receiver of 
an air-pump, on the plate of which a little water has been spilt, on 
making tw^o or three rapi||^trokes of the pump, which is due to this 
cause. It is observcHl in operation in the formation of the clouds and 
mists wliich settle on the summits of mountains. The wind passing 
over tlie surface of a level country is impeded by a mountain ; rising 
in the atmosphere the stream overcomes the obstacle, and produces a 
cloud as it p-asscs over the mountain, which appears stationary on its- 
suminit. 2. Tlie mixing of opposite currents of hot and cold air, 
both saturated w ith liumidity, may occasion rain, from the circum¬ 
stance', first conjectured by Dr. Hutton, that the currents of air on 
mixing and attaining a mean tcmjierature arc incapable of sustaining 
the mean quantity of vapour. Thus, supposing equal volmnes of air 
at 00*^ and 40°, both saturated with vajiour, to be mixed, the ten¬ 
sion of vapour at the former temperature being the 0.524th of an 
inch of mercury, and at the latter the 0.263rd of an incli, the mean 
tension is the 0.393rd of an inch. But the tension of vapour at 50°. 
the intermediate temperature is only the 0.375th of an inch; and 
consequently the excess of the former tension, or vapour of the 
0.018tli of an inch of tension, must condense as rain. But tliis is an 
inconsiderable cause of min compared with the next. 3. Contact of 
air in motion w'ith the cold surface of the earth, or mere proximity, 
appears to be the most usual cause of its refrigeration, and of the 
precipitation of rain from it. The mean temperature of January in 
this country is about 34°, but with a south-west wind the thermome¬ 
ter may be observed gradually to rise in tlie course of 48 hours to 
54°. Now supposing this wind to be saturated with vapour at 54° 
and to be cooled to 34°, as it is on its first arrival, the moisture 
which it must deposit is very considerable, as will appear by the 
following calculation:— 

Tension of vapour at 51° . . 0.429 inch. 

at 34° . . 0.214 „ 


Condensed . . 0.215 
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The mean annual fall of rain in London amounts to a column of 
23 inches. The quantity collected by a rain-gauge is foiiiul to be 
affected to an extraordinary extent by very moderate dilfercnci's of 
elevation. Thus the annual fall of ruin in three situations \v;us 

found, by Professor J. Phillips, to be as follows;—- 

Inches. Height. 

Top of York Minster . 15.910 . 212 feet. 

Roof of Mus(?mn . . 20.161 . 73 „ 

Surface of ground . . 21.401 c 0 „ 

The last stated cause of rain throws some light on this inequality: 
the air is more cooled near the ground, and therefore dei)osits most 
humidity. 

The annual fall is greater near the equ4lbr, and diminishes in high 
latitudes. At Granada (lat. 12° N.), it is 126 inches; at Calcutta 
(lat. 19° 46'), 81 inches; Rome, 39 inches; average of Euglaiid, 
31 inches; St. Petersburgh, 16 inches; Uleaborg, ISj^ inches. The 
number of rainy days follows a different proportion, the average 
during the year being about as follows :— 

In Northern Europe . .180 

In Central Europe . . .146 

In Southern Europe . . 120* 

When clouds form at temperatures below 32°, the aqueous vapour 
is converted into an infinity of little needle-like crystals, which often 
diverge from each other at angles of 
60° and 120°, as do also the thin 
crystals in freezing water. Snow 
differs very much in the arrange¬ 
ment of these spiculm (fig. 105), but 
the flakes are all of the same confi¬ 
guration in the same storm. The 
figures are essentially referable to a 
hexagonal star or prism, one of the 
crystalline forms of ice. Hail is also 
produced by cold, but in circum¬ 
stances which are entirely different. 

It occurs only in summer or in warm 
climates, and when the sun is above 
the horizon. It seems to be pro¬ 
duced in a humid ascending current 
of air, greatly cooled by rarefaction, 
wliich has an upward velocity suffi- 

* See Miiller’s Physics and Meteorology, iiiii] Kamt/'s Meteorology, hy Walker. 
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cient to sustain the falling hailstones at the same place till they attain 
considerale magnitude. The formation of hail is always attended with 
thunder or .signs of electricity; and it has been found that small 
districts may be protected from its devastations by the elevation of 
many thunder rods, 

ANalysis of air .—A knowledge of tlui composition of the atmo- 
splicre followed that of its constituent gases. Various modes of 
analysis are practised: — 1. A stick of pliosphorus introduced into 
a known measure of air in a graduated tube, effects a complete 
absorption of the oxygen in 24 hours. On afterwards withdrawing 
tile phosplionis the diminution of volume may be observed, which 
always indicates 20 or 21 per cent, of oxygen. 2. A known mea- 
.sJire of air may be mixed witli a slight excess of hydrogen more than 
sufficient to combine with its oxygen 100 volumes of air, for exam- 
])lc, with 50 volumes of hydrogen, and the mixture exploded in a 
strong glass tube of proper construction, by means of the electric 
spark. Tlie diminution in volume of tlic gases after combustion is 
observed; and as oxygen and hydrogen unite in the exact ratio of 
one volume of the first to two volumes of tlie second, one-third of the 
diminution represents the volume of oxygen in the measure of air 
employed. The tube used for this purpose is called the voltaic eudio¬ 
meter. The syphon eudiometer is a convenient instrument of this 
kind. It is formed of a straight tube moderately stout, of about 1-4th 
ilg. 106. or 3-8tlis of an inch internal diameter, sealed at 
one end, and about 22 inches long. The closed 
end of this tube being softened by heat, two stout 
platinum wires are tlirust through the glass from 
opposite sides of the tubes, so that their extremi¬ 
ties ill the tube approach witliin one-tenth of an 
inch of each other. These are intended for the 
transmission of the electric spark, and are retained, 
as if cemented, in the apertures of the glass 
when the latter cools. One-half the tube next the 
closed end is afterwards graduated into hundredths of a cubic inch, 
and the tube is bciit in the middle, like a syphon, as represented by 
a in the figure. By a little dexterity, a portion of the gaseous mix¬ 
ture to be exploded is transferred to tlic sealed limb of the instru¬ 
ment, at the water or mercurial trough, and the measure noted with 
the liquid at the same height in both limbs. The mouth of the 
open limb may then be closed by a cork, wliicli can bo fixed down 
by soft cojiper wire. A chain being now hung to one platinum 
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wire, the other is presented to the prime conductor of an electric 
machine, or to the knob of a charged Leyden pliial so as to take a 
spark through the mixture, whicli is thereby exploded. The risk of the 
tube being broken by the explosion, whicli is considerable in tlie ordi¬ 
nary form of the eudiometer, is completely avoided in this instrument 
by the compression of the air retained by tlie cork in tlie open limb, 
this air acting as a recoil spring upon the occurrence of the explo¬ 
sion in the other limb. 3. The combustion of the mixed gases may 
be determined without explosion by means of a little pellet of spongy 
platinum, and the experiment can then be conducted over mercury 
in an ordinary graduated tube. 4. Another exact method of remov¬ 
ing oxygen from air, recommended by Gay-Lussac, is the introduction 
into the air of slips of copper moistened with liydrochloric acid, whicli 
absorb oxygen with great avidity. 

5. A solution in ammonia of the subchloridc of copper, or of any 
salt of the suboxide of that metal, such as the sulphite, absorbs 
oxygen with great avidity, and may be used in the analysis of air. 

6. In the recent careful analyses of air by M. Dumas, the oxygen 
was witlidrauTi, by passing air over reduced metallic copper at 
a red heat. To obtain the necessary precision in the results, the 
experiment was conducted in the following manner. In fig. 107, ah \s 

rig. 107. 



a tube of the difficulty diffusible or hard glass used in organic analy¬ 
sis, which is filled with metallic copper (reduced from the black oxide 
of copper by hydrogen), and placed in a long trough furnace of sheet 
iron, in which it can be heated to redness throughout its whole 
length. The tube is provided with stopcocks at both ends, and at- 
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taclied by caoutcliouc tubes to small glass tubes. By one of these 
small tubes it communicates with a glass balloon V, of about 1200 
cubic inches in capacity, having a stopcock u ; and by the other r, 
with a series of tubes A, B, and C. Of these A is a series of bulbs 
containing a concentrated solution of caustic potash, and is intended 
for the absorption of the small portion of carbonic acid present in 
air; the U shaped tube B contains fragments of pumice impregnated 
with the same alkaline solution; and the similar tube C is fiUed with 
pumice im})regnated with oil of vitriol, in order to dry the air. 

The balloon V is weighed and applied to the other apparatus in a 
vacuous state. The tube a h containing the metallic copper is also 
weighed before hand. Tlie tube and copper being heated to low 
redness, the stopcocks are partially opened, and air allowed to flow 
in a gradual manner into V. The oxygen is entirely absorbed by the 
copper, and the w^eight of that constituent ascertained by weighing 
the tube a h after the experiment. The nitrogen passes on alone into 
V, and its weight is found b}' again weighing that balloon. A 
great many analyses made in this way gave the following mean re¬ 
sults :— 


Oxygen 
Nitrogen . 


Air Ijy weight. 

. 2 ' 3.10 

. 76.‘JO 

100.00 


Air by volume. 

* 20.90 
79.10 

100.00 


Air from distant localities and diflerent elevations has not exliibited 
any sensible variation in composition. 

The tlicory of the constitution of mixed gases of Dalton supposes 
that the oxygen and nitrogen of air form independent atmospheres, 
the one gas not pressing upon or interfering with the other. If each of 
these atmospheres were of uniform density, their heights would ob¬ 
viously be inversely as the tlensitics of the two gases, the height of the 
nitrogen column 8, and that of the oxygen 7 ; and the proportion of 
the one gas to the otlier would vary with the elevation. The same 
variation should occur in the atmosphere in its actual state : the pro¬ 
portion being supposed 21 per cent, at the level of the sea, by a 
calculation on this principle it should be 20.070 per cent, at a 
height of 10,000 Parisian feet, and 19.140 per cent, at a height of 
20,000 feet. But ns the influence of the great polar and equatorial 
currents is allowed to extend to a greater height in the atmosphere 
than the last, and than has ever been reached by man, it is not to be 
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wondered at that no diminution in the proportion of oxygen is ob¬ 
servable in the accurate analyses of air from the summit of tlie Faul- 
hom {8000 feet) which were lately made by Brunner, with the view 
of testing this hypothesis.* 

Besides these constituents, the atmosphere always contains a 
variable quantity of watery vapour and carbonic acid gas. The pre¬ 
sence of the latter is observed by exposing to the air a bason of 
lime-water, which is soon covered by a pelKcle of carbonate of lime. 
Its proportion is ascertmned by adding baryta-water of a known 
strength, from a graduated pipette, to a large bottle of the air to be 
examined; £^tating after each addition, till a slip of yellow turmeric 
paper is made permanently brown by the baryta-water after agitation, 
which proves that more of the latter has been added than is neu¬ 
tralized by the carbonic acid of the air. The carbonic acid is in the 
equivalent proportion (by weight) of the quantity of baryta which 
has been neutralized. 

Another and perhaps more exact method is to draw a large but 
known volume of dry air tluough a U tube, containing pumice im¬ 
pregnated with caustic potash, and to pass it afterwards through a 
second U tube, containing oil of vitriol. The increase of weight on 
both tubes weighed together is the proportion of carbonic acid. 

Like every subject connected with the atmosphcjre, the proportion 
of carbonic acid which it contains was ably investigated by the 
Saussures. The elder philosopher of that name detected the pre¬ 
sence of this gas in the atmosphere resting upon the perpetual snows 
of the summit of Mont Blanc, so that them can be no doubt that 
carbonic acid is diffused through the whole mass of the atmosphere. 
The younger Saussure has ascertained, by a series of several hundred 
analyses of air, that the mean proportion of carbonic acid is 4.9 
volumes in 10,000 volumes of air, or almost exactly ] in 2000 
volumes; but it varies from 6.2 as a maximum to 3.7, as a minimum 
in 10,000 volumes. Its proportion near the surface of the earth is 
greater in summer than in winter, and during iright than daring day 
upon an average of many observations. It is also rather more abun¬ 
dant in elevated situations, as on the*.summits of liigb mountains, 
than in the plains; a distribution of tliis gas which proves that the 
action of vegetation at the surface of the earth is sufficient to keep 
down the proportion of it in the atmosphere, within a certain limit.f 


* PoggendorfF, Hondwurterbuch dcr Chemie, Bd. i. S. 570. 
t Sauwure, Annoles de Chim. et de Pbys. t. xxxviii. p. 411; and t. zliv. p. 5. 
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An enormous quantity of carbonic acid is discharged from the ele¬ 
vated cones of the active volcanoes of America, according to the 
observations of Boussingault, which may partiy account for the high 
proportion of that gas in the upper regions of the atmosphere. The 
gas emitted from the volcanoes of the old world, according to Davy 
and others, is principally nitrogen. 

Carbonic acid is a constituent of the atmosphere which is essential 
to vegetable life, plants absorbing that gas, and deriving from it the 
whole of their carbon. Extensive forests, such as those of the 
Landes in France, which grow upon sands absolutely destitute of 
carbonaceous matter, can obtain their carbon in no other manner. 
But the oxygen of the carbonic acid is not retained by the plant, 
for the lignin and other constituent principles of vegetables, contain, 
it is well known, no more oxygen than is sufficient to form water 
with their hydrogen, and which, indeed, has entered the plant as water. 
The oxygen of the carbonic acid must therefore be returned in some 
form to tlie atmosphere. The discharge of pure oxygen gas from 
the leaves of plants was first observed by Priestley, and the general 
action of plants upon the atmosphere has subsequently been mi¬ 
nutely studied by Sir H. Davy and Dr. Daubeny. The decomposi¬ 
tion of carbonic acid requires the concurrence of h'ght; and is not 
therefore sensible during the night. That plants fully compensate 
for the loss of oxygen occasioned by the respiration of animals and 
other natural processes is not improbable; but the mass of the 
atmosphere is so vast that any change in its composition must be 
very slowly effected. It has, indeed, been estimated that the pro¬ 
portion of oxygen consumed by animated beings in a century does 
not exceed 1-7 2 00 th of the whole quantity. 

Other gases and vaporous bodies are observed to enter the at¬ 
mosphere, but none of them can afterwards be detected in it, with 
the exception of hydrogen in sotoe form, probably as the light 
carburetted hydrogen of marshes, of wliich Boussingault believes 
that he has been able to detect the presence of a minute but ap¬ 
preciable proportion.* He alsoobserved concentrated sulphuric acid 
to be blackened when expostij in a glass capsule to the air, pro¬ 
tected from dust, and at a distance, from vegetation, which he 
ascribes to the occasional presence in the air of some volatile car¬ 
bonaceous compound which is absorbed and decomposed by the acid. 

Ammonia (N H 3 ) also is a minute but essential constituent of mr. 


* Annalcs dc Chini. ct do Phys. Ivii. 148> 



336 


NlTllOGEN. 


probably in the fonn of carbonate. It is brought down by rain, 
and is the principal source of the nitrogen of plants. 

Omitting the aqueous vapour always present in air, but of which 
the proportion is constantly fluctuating, it may be represented as 
follows, in 10,000 volumes :— 


COMPOSITION OF DllY AIR BY VOLUME, 


Nitrogen ..... 

. 7912 

O.xygen ..... 

. 2080 

Carbonic acid .... 

4 

Carbnretted hydrogen (C H^) 

4 

Ammonia. .... 

. Trace 


10,000 


Of the odoriferous principles of plants, the miasitiata of marslu's 
and other matters of contagion, the presence, allhongli siiflicu'ntly 
obvious to the sense of smell, or by their c/rects u})on the human 
constitution, cannot be detected by chemical tests, liut it may be 
remarked in regard to them, that few or none of tlie compound vola¬ 
tile bodies we perceive entering the atmos[)liere, could lojig escape 
destruction from oxidation. Tin* atmosphere contains, indeed, within 
itself the means of its own purification, and slowly but certainly con¬ 
verts all organic substances exposed to it into simpler forms of 
matter, such as water, carbonic acid, nitiic acid, ami ammonia. Al¬ 
though the occasional presence of matters of contagion in the atmo¬ 
sphere is not to be disputed, still it is an assumption, without 
evidence, that these substances arc volatile or truly vaj)f»rous. Other 
matters of infection with wliich we can com})are them, such as the 
matter of cow-pox, may be dried in tlie air, and an; not in tlie least 
degree volatile. Indeed, volatility of u body im])!ie.s a certain sim¬ 
plicity of constitution and limit to tlie number of atoms in its inte¬ 
grant particle, which true organic bodies appear not to jiossess. 
Again, the source of such bodies being at all times inconsiderable, 
they w’ould, if vapours, be liable to a speedy altenuation by diffusion 
so great as to render their action wholly inconceivable. It is more 
probable that matters of contagion are highly organized particles of 
fixed matter, which may find its way into the atmosphere, notwith- 
.standing, like the pollen of flow'crs, and remain for a time suspended 
in it; a condition whicli is consistent with the admitted difficulty of 
reaching and destroying those bodies by gaseous chlorine, and with 
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the washing of walls and floors as an ordinary disinfecting practice. 
On this obscure subject, I may refer to a valuable paper by the late 
Dr. Henry upon the application of heat to disinfection, in which it is 
proved that a temperature of ^12® is destructive to such contagious 
matters as could be made the subject of experiment,* 

With reference to gaseous disinfectants, it may be remarked that 
sulphurous acid gas (obtained by burning sulphur) is preferable, on 
speculative grounds, to chlorine. No agent checks more effectually 
the first development of animal or vegetable life. This it does by 
preventing oxidation. In the same manner it renders impossible the 
first step in putrefactive decomposition and fermcntalion. All 
animal odours and emanations arc most immediately and effectively 
destroyed by it. The fa?tid odour from the boiling solution of cochi¬ 
neal (for instance), which is so persistent in dye-houses, is most com¬ 
pletely removed by the admission of sulphurous acid vapour 
(J. Graham). 

Tile compounds of nitrogen with oxygen arc the following:— 


Protoxide of nitrogen or nitrous oxide . 
Binoxide of nitrogen or nitric oxide 
Nitrous acid ...... 

Peroxide of nitrogen (hyponitric acid of Theiiard) 
Nitric acid 


NO 

NO, 

NO3 

NO4 

NO, 


PROTOXIDE OF KITllOCEN. 

Si/n. PROTOXIDE OF AZOTE, NITROUS OXIDE ; FJq. 23 Ol’ 375 ; NO; 
1520‘4 J I I |. 


This gas was discovered by Dr. Priestley about 1776, and studied 
by Davy, w hose “ Researches, Chemical and Philosophical,^^ pub¬ 
lished in 1809, contain an elaborate investigation of its properties 
and composition. Davy first observed the stimulating power of 
nitrous oxide when taken into the lungs, a property which lias since 
attracted a considerable degree of popular attention to this gas. 

Preparation .—Protoxide of nitrogen is always prepared from the 
nitrate of ammonia. Some attention must be paid to the purity of 
that salt, which should, contain no hydrochlorate of ammonia. It is 
formed by adding pounded carbonate of ammonia to pure nitric acid. 


♦ Pliil. Mag. 2d Series, vol. x. p. 363, and vol, xi. pp. 22, 207 (1S32). 

Z 
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which, if concentrated, may be previously diluted with half its bulk 
of water, so long as there is effervescence; and a small excess of 
the carbonate may be left at the end in the liquor. The solution 
should be filtered, and concentrated till its boiling point begins to 
rise above 250°, and a drop of it becomes solid on a cool glass plate. 
On cooling, it forms a solid cake, which may be broken into frag¬ 
ments. To obtain nitrous oxide, a quantity of tliis salt, which should 
never be less than 6 or 8 ounces, is introduced into a retort, or 

a globular flask, called a bolt- 
head o, and heattid by a char¬ 
coal cholTer h, the diffused 
heat of which is more suitable 
than the lu'ut of a lamp. 
Paper may be pasted over the 
cork of the holt-head to kt'ep 
it air-tight. At a teni])eratnvo 
not under 3 the salt boils 
and begins to undergo <leconi- 
positioji, being resolved into 
nitrous oxide and water. As 
heat is evolved in tins decomposition, which is a kind of combustion 
or deflagration, the choffer rau.st he withdrawn to such a distance 
from the flask as to sustain only a moderate <-hiillition. If the tem¬ 
perature is allowed to rise too high, the ehnllilion hecoines tiimnl- 
tuous, and the flask is filled with white fumes, wfiieli have an irri¬ 
tating odour I and the gas which then comes off is little more than 
nitrogen. Xitrous oxide should b» collected in a gasometer pr in a 
gas-holder filled with water of a temperature about as eold water 
absorbs much of this gas. The whole .salt undergoc.s the same dc- 
com|msition, and nothing whatever is left in the retort.* 

JVitrou.s oxide is likewise produced when fhe salt called nitro- 
sulphate of ammonia is thrown into an acid; and also when zinc and 
tm are dissolved in dilute nitric acid, but the latter processes do not 
anord the gas in a state of jmrily. 

The nature of the decomposition of the nitrate of ammonia will be 
the t'”*'" cl, Jwifram, in which an e,|„ivaleiit of 

hat the three eqmvalents of hydrogen in the ammonia are b«n.ed, 

misliy **”*’ of Che- 

l.(. I)r, tlciT, majr ,litl he ™„«,aicd with i»l,«nt»ac. 
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or combine with tlirec equivalents of the oxygen of the nitric acid, 
and form water, while the two equivalents of nitrogen in the ammonia 
and nitric acid combine with the two remaining equivalents of the 
oxygen of the latter :— 


Before (iecomponUion. 


S4 Nitric arid. 


SO Nitrate of Bmmonia. J ._ 

^ 17 Ammonia. 


80 


9 Water. 
80 


, Oxyeen 
0 .\igen 
O.xvg'en 
Oxyaeii 
oxyjfpn 
Niti-oiten 
( Nitrofren 
J Hyiirosrrii 
j Hydrosf/;ti 
' Hj droi^eii 
Water 


ATicr necnmpoRKion. 

J, _____-,23 Nitrons oxide. 

^ -Nitrous uxidft. 


9 Water. 
9 Water, 
9 Water. 
9 Water. 



80 


80 


Or in symbols :— 

XHa, llO-f X 05 = 2 X 0 and -IJTO. 

hVom the diagram it appears Unit SO grains of the salt yield 44 
grains of nitrou.s tixide and lio grains of water. One grain of salt 
yields rather more than one cubic inch of gas. 

Projtt-rfit's .—Kitrous oxide pos.se.'s.‘«es the usual meclianical pro¬ 
perties of gases, and has a faint agreeable smell. It lias been liquefied 
by evolving it from the decomposition of the nitrate of ammonia in a 
sealed tube, and ]>ossessed in the liquid state an ela.stic force of above 
50 atmosplieres at 1-5". The gas is formed by tlie union of a com¬ 
bining measure, or 2 volumes of nitrogen, with a combining measure, 
or 1 volume of oxveen, whicli arc condensed into 2 volumes, the 
eombining measure of this gas. The weiglit of a single volume, or 
the density of the gas, is tlieriTorifhy ealrnlation— 

P 71 .t + 07 Vt + norvO , _ ,. 

A O 

M 

(\)Id water agitated with this gas dissolves ahont three-fourths of if.s 
volume of the gas, and acquires a .sweetish taste, but, I believe, no 
stimulating properties. Bodies which burn in air, burn with in¬ 
creased brilliancy in this gas, if introduced in a state of ignition. A 
ncAvly blow'n out. taper with a red wick may be rekindled in it, as in 
oxygen. Mixed with an equal bulk of hydrogen, and ignited by 
flame and the electric spark, it detonates violently. In all these cases 
of combustion, the nitrous oxide is decomjiosed, its oxygen uniting 
wiih the combustible and its nitrogen being set free. When trans¬ 
mitted through a red-hot porcelain tube, nitrous oxide is likewise 
decomposed and resolved into oxygen, nitrogen, and the peroxide of 
nitrogen. 
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Nitrous oxide was supposed by Davy to combine witli alkalies, 
when generated in contact with them, but these compounds have 
since been found to contain nitrosulphuric acid. 

Tliis gas may be respired for two or three minutes without incon¬ 
venience, and when the gas is iinniixed with air, and the lungs have 
been well emptied of air before respiring, it induces an agreeable 
state of reverie or intoxication, often accompanied with considerable 
excitement, wliich lasts for a minute or two, and disappears without 
any unpleasant consequences. The gas from an ounce and a half or 
two ounces cf nitrate of ammonia is sufficient for a dose, and it 
should be respired from a bag of the size of a large ox-bladder, and 
provided with a wooden tube of an inch internal diameter. I’he 
volume of the gas diminishes rapidly during the inspiration, and 
finally only a few cubic inches remain. An animal entirely confined 
ill this gas soon dies from the prolonged etfects of the intoxication. 


BINOXIDE OF NITROGEN. 

Syn. BINOXIDE, OR DEUTOXTDE OF AZOTE, NITRIC OXIDE. 

Eq, B8 or 375; NO^; density 1038*8; j_|_^ 

This gas, which comes ofl* during the action of nitric acid upon 
most metals, appears to have been collected by Dr. Hales, the father 
of pneumatic chemistry, but its properties were first minutely studied 
by Dr. Priestley- ^ 

'Preparation ,—Binoxidc of nitrogen is easily procured by the 
action of nitric acid diluted to the specific gravity 1.2, upon sheet 
copper clipped into small pieces. As no heat is required, this gas 
may be evolved like hydrogen from a gas bottle (page 307). Mer¬ 
cury may be substituted for copper, but it is then necessary to apply 
a gentle heat to the materials. Tliis gas may be collected and retained 
over water without loss. 

In dissolving in nitric acid, the copper takes oxygen from one 
portion of acid and becomes oxide of copper, which combines with 
another portion of acid, and forms the nitrate of copper, the solution 
of which is of a blue colour. The portion of nitric acid which is de¬ 
composed losing three equivalents of oxygen and retaining two, 
appears as nitric oxide gas. This is more clearly shown in the fol¬ 
lowing diagram;— 
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ACTION OF NITRIC ACID UPON COPPER. 


Before decomposition. 



Nitrogen . 

14 


Oxygen 

8 ' 

54 Nitric acid 

Oxygen 

Oxygen 

8 ' 
8 


Oxygen 

8 s 

32 Copper 

Oxygen 

8 

'k 

Copper 

32 

54 Nitric acid 

Nitric acid . 

54 

32 Copper 

Copper 

82 

54 Nitric acid 

Nitric acid , 

54 

32 Copper 

Copper 

32 

54 Nitric acid 

Nitric acid 

54 

312 


312 


After decomposition, 
Binoxideofnitrogen. 





94 Nitrate of copper. 
94 Nitrate of copper. 
94 Nitrate of copper. 


3ia 


Or iu symbols 

4 NO 5 and 3Cu=3(Cu NO 5 ) and NO 2 . 

Properties .—This gas is colourless, but when mixed with air it 
produces ruddy fumes of the peroxide of nitrogen. It is irritating, 
and causes the glottis to contract spasmodically when an attempt is 
made to respire it. Nitric oxide has never been liquefied *. water at 
60°, according to Dr. Henry, takes up only 5 or 6 per cent, of this 
gas. It is formed of one combining measure of nitrogen or 2 
volumes, and two combining measures of oxygen or 2 volumes, 
united without condensation, so that Hie combining measure of nitric 
oxide contains 4 volumes. The weight of one volume, or the density 
of the gas, is tlierefore 

971.4 + 071 A + 1105,6 + 1105.6 _^Qgg i- 
4 

Tliis gas is not decomposed by a low red lieat. 

Many combustibles do not burn in nitric oxide, although it con¬ 
tains half its volume of oxygen. A lighted candle and burning 
sulphur are extinguished by it; mixed with hydrogen, it is not ex¬ 
ploded by the electric spark or by flame, but it imparts a green colour 
to the flame of hydrogen burning in air. Phosphorus and charcoal, 
however, introduced in a state of ignition into this gas, continue to 
burn with increased vehemence. The state of combination of the 
oxygen in this gas appears to prevent that substance from uniting 
with combustibles, unless, like the two last mcniioued, they evolve 
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SO much heat as to decompose the nitric oxide. Several of the 
more oxidabie metals, such as iron, witlulraw the ludl ot the oxygeu 
from this gas, when left iu contact with it, and convert it into nitrous 

oxide. 

No property of nitric oxide is more remarkable than its attraction 
for oxvgeti, and it may be employed to separate tliis from all other 
gases. * Nitric oxide indicates the presence of free oxygen in a 
gaseous iiiixture, by the ap])earance of fumes winch are |xile and 
yellow with a small, and reddish brown and dense with a large pro¬ 
portion of the latter gas ; and also by a subsequent contraction ol 
the gaseous volume, arising from the absorption of these fumes by 
water. Added iu sidficieut quantity, nitric oxide will thus withdraw 
oxygen most completely from any mixture. But notwithstanding 
this property, nitric oxide cannot be employed with advantage iu tlie 
analysis of air or similar mixtures, for the contraction which it occa¬ 
sions does not afhnd certain data fur determining the proportion of 
oxygen wliich has disappeared. Nitric oxide is capable of cojubiniiig 
witii dilferciit projjoitioiis of oxygen, a combining measure or 4 
volumes of the gas uniting, in such experiments, with 1, 2 or 3 
volumes of oxygen, and forming nitrous acid, peroxide of nitrogen or 
uitric acid, or several of these comjmuiids at the same time. 

This oxide of nilrogi'n, like the prcct-diug, is a neutral body, and 
has a very limited range of aflinity. A substanc(5 is left on igniting 
the nitrate of potash or baryta, wliich was supposed to be a com¬ 
pound of nitric oxide with potassium, or barium, but Mitselicrlich 
iinds it to be citlier the caustic protoxide itself or tlic peroxide of tlie 
metal. But nitric oxide is absorbed by a solution of the sulphate of 
iron, which it caus(,*s to become black ; the greater part of tlie gas 
may be expelled again by boiling the solution. All the soluble jirotu- 
salts of iron have tlie same property, and the nitric oxide remains 
attached to the oxide of ii'oii wlien precipitated in the insoluble salts 
of that metal. The proportion of nitric oxide in these combinations 
is found by Peligot to be definite; one eq. of the nitric oxide to four 
of the protoxide of iron ; or, the nitric oxide contains the proportion 
ol oxygen required to convert the protoxide into sesquioxide of iron.* 
Nitric oxide is also absorbed by nitric acid. With sulphurous acid 
nitric, oxide forms a compound which will be more particularly noticed 
under that acid. 


* Ai Iialcs df Chijii. cl dc I'liys. 1. liv. p. 17. 



NITROUS ACID. 


343 


x^nituuo AUixi. 


S^n. A20T0US AGIO {Thetiard). Eq, 38 or 475; NO 3 . 

Tlie direct mode of forming tliis compound is by mixing 4 
volumes of binoxide of nitrogen with 1 volume of oxygen, both per¬ 
fectly dry, and exposing the mixture to a great degree of cold. The 
gases unite, and condense into a liquid of a green colour, which is 
very volatile, and forms a deep reddish yellow coloured vapour. 
Citrous acid prepared in this way is decomposed at once when 
thrown into water; an effervescence occurring, from the escape of 
nitric oxide, and nitric acid beijig produced, which gives stability to a 
portion of the nitrous acid. Nitrous acid cannot be made to unite 
directly with alkalies and earths, probably owing to the action of 
water first described. But when oxygen gjis is mixed with a large 
excess of nitric oxide, in contact with a solution of caustic potash, 
the gases were found by Gay-Liissac always to disappear in the pro¬ 
portions of nitrous acid, which was produced (iiid entered into com¬ 
bination with the potash, forming a v it rile of potash. Similar 
nitrites may also be produced by calcining the nitrate of soda till the 
fused salt becomes alkaline ; or by boiling the nitrate of lead with 
metallic lead. The nitrite of soda may be dissolved and filtered, and 
the solution precipitated by nitrate of silver; a process which gives 
the nitrile of silver, a salt possessing a sparing degree of solubility, 
like that of cream of tartar, but which may be purified by solution 
and crystallization, iuid then affords ready means of obtaining the 
other nitrites by double decomposition (Mitschcrlich). Nitrous acid 
is liberated from the nitrites by acetic acid. Wlien free sulphuric 
acid is added to a solution of nitrite of silver, the diseugrged nitrous 
acid is immediately resolved into nitric acid and nitric oxide. The 
subnitrite of lead, on tlie other hand, may be decomposed by the bi¬ 
sulphate of potash or soda to obtain a neutral nitrite of one of these 
bases (Berzehus). The nitrites of potash and soda arc soluble in 
alcohol, while the nitrates are not so. 

Nitrous acid is also capable of combining with several acids, in 
particular with iodic, nitric, and sulphuric acids. Its combination 
with the last is obtained by sealing up together liquid sulphurous 
acid and peroxide of nitrogen (NO 4 ) in a glass tube. In the course 
of a few days the tube may be opened : the substances are combined. 
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and form a solid mass, which may be heated up to ( 200 ° C.) its 
point of fusion. At a higher temperature it distils without altera¬ 
tion. In this experiment, sulphurous acid acquires au ^uivalent of 
oxygen, and becomes sulphuric acid, while peroxide of nitrogen loses 
an equivalent of oxygen, and becomes nitrous acid, but one half 
only of the latter acid formed unites with sulphuric acid, the compo¬ 
sition of the body formed being NO 3 + 2 SO 3 . The reaction is 

expressed as follows;— 

2 SO 3 and 2 N 04 =:N 03 + 2 S 03 and NOg. 

This compound is soluble in strong oil of vitriol without decompo¬ 
sition; but from sulphuric acid somewhat diluted it takes water, 
and forms a crystalline substance, which often appears in the manu¬ 
facture of sulphuric acid, as we shall afterwards find. The original 
solid compound is decomposed by pure water or highly diluted 
sulphuric acid, and the sulphuric and nitrous acids become free. 
The tendency of nitrous acid to combine with other acids has already 
been noticed, as assimilating this compound of nitrogen to arsenious 
acid and the oxide of antimony (page 172). 


PEROXIDE OF NITROGEN. 

Syn. HVFONiTRic ACID, NITROUS GAS {BerzeUus). Eq. 46 or 575 ; 

NO^; theoretical dennity, 1591 3; 

Tliis Compound forms the principal part of the ruddy fumes which 
always appear on mixing nitric oxide with air. As it cannot be 
made to unite either directly or indirectly with bases, and has no acid 
properties, any designation for this oxide of nitrogen which implies 
acidity should be avoided, and the name nitrous acid in particular, 
which is applied on the continent to the preceding compoimd. The 
name peroxide of nitrogen is more in accordance with the rules gene¬ 
rally followed in naming such compounds* 

Preparation .—^When 4 volumes of nitric oxide and 2 of oxygen, 
both perfectly dry, are mixed, tliis compound is alone produced, and 
the six volumes of mixed gases are condensed into 4 volumes, which 
may be considered the combining measure of peroxide of nitrogen. 
The weight of 1 volume, or the density of this gas, must therefore be 

1038.5x4+110.5.6x2 


1591.3. 
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The peroxide of nitrogen is also contained in the coloured and 
fuming nitric acid of commerce, and may be obtained in the liquid 
condition by gently warming that acid, and condensing the vapour 
which comes over, by transmitting it through a glass tube surrounded 
by ice and salt. But it is prepared with most advantage from the 
nitrate of lead, the crystals of wliich, after being pounded and 
well dried, to deprive the salt of hygrometric water, are distilled 
in a retort of hard glass, or porcebin, at a red heat, and the 
red vapours condensed in a receiver kept very cold by a freezing 
mixture. Oxygen gas escapes during the whole process, the nitric 
acid of the nitrate of lead being resolved into oxygen and peroxide 
of nitrogen; or !N05=N04 and O. As obtained by the last pro¬ 
cess, which was proposed by Dulong, peroxide of nitrogen is a 
highly volatile liquid, boiling at of a red colour at the usual 
temperature, orange yellow at a lower temperature, and nearly colour¬ 
less below zero, of density 1*451, and a white sohd mass at --40°. 
It is exceedingly corrosive, and, like nitric acid, stains the skin 
yellow. The red colour of its vapour becomes paler at a low tem¬ 
perature, but with heat increases greatly in intensity, so as to appear 
quite opaque when in a considerable body at a high temperature. It 
is the vapour which Brewster observed to produce so many dark 
lines in the spectrum of a ray of light which passes through it 
(page 106). The peroxide is not decomposed by a low red heat, 
and appears to be the most stable of the oxides of nitrogen. No 
compound of it is known, unless peroxide of nitrogen be the radical, 
as some suppose, of nitric acid. But Berzelius is inclined to consider 
this oxide as itself a compound of nitric and nitrous acids, for 

N06 4-N03=2N04*. 

The liquid peroxide of nitrogen is partially decomposed by water, 
nitric oxide coming off with effervescence, and more and more nitric 
acid being produced, in proportion to the quantity of water added; 
but a portion of the jjeroxide ahrays escapes this action, being pro¬ 
tected by the nitric acid formed. In the progress of this dilution 
the liquid undergoes several changes of colour, passing from red to 
yellow, from that to green, then to blue, and becoming at last 
colourless. The peroxide of nitrogen is readily decomposed by the 
more oxidable metals, and is a powerful oxidizing agent. 

* Traite dc Chimic, por J. J. Beneelitts, traduitc pur MM. Easlinger et HociTer, 
Didot, Parit. 1845. An excellent edition of this most valuable system of chemiatiy. 
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NITRIC ACIU. 

S^n, AZOTIC ACID {Thenard). Eq. 54 or 675; NO^; dues not 
e^ ist except in combination. 

A knowledge of this highly important acid has descended from the 
earliest ages of chemistry, but its composition was first ascertained 
by Cavendish, in 1785. He succeeded in forming nitric acid from 
its elements, by transmitting a succession of electric sparks during 
several days through a small quantity of air, or through a mixture of 
1 volume of nitrogen and 2-i- volumes of oxygen, confined in a small 
tube over water, or over solution of potash; in the last case, the 
absorjjtiou of tlie gases was complete, and nitrate of potash was 
obtained. A trace of this acid in combination with ammonia has 
been detected in the rain of thunder-storms, produced probably in 
the same manner. It Avas also obseiwed by Gay-Lussac to be the 
sole product when nitric oxide is added, in a gradual manner, to 
oxygen in excess over water; the gases then unite, and disappear in 
the proportion of 4 volumes of the former to 3 of the latter. It is 
also a constituent of the salt, nitre or saltpetre, found in the soil of 
India and Spain, which is a nitrate of potash, and also of nitrate of 
soda, w'hich occurs in large quantities in South America. 

Preparation .—This acid cannot exist in an insulated state, but is 
always in combination with water, as in aejua fortis or the hy«lrate of 
nitric acid, or with a fixed base, as in the ordinary nitrates. Tlie. 
hydrate, (which is popularly termed nitric acid,) is eliminated from 
nitrate of potash by means of oil of vitriol, which is itself a hydrate 
of sulphuric acid. That acid unites with potash, in this decomposi¬ 
tion, and forms su]})hatc of potash, displacing nitric acid, wliich last 
brings off in combination with itself the water of the oil of vitriol. 
There is a great advantage, first pointed out by Mr. Pliillips, in 
using two equivalents of oil of vitriol to one of nitrate of potash, 
wliich is 97 of the former to 100 of the latter, or nearly equal 
weights. The acid and salt, in these proportions, are introduced into 
a capacious plain retort, provided with a flask as a receiver. Upon 
the application of heat, a little of the nitric acid first evolved under¬ 
goes decomposition, and red fumes appear, but soon the vapours 
become nearly colourless, and are easily condensed in the receiver. 
During the whole distillation, the temperature need not exceed 2f}()°. 
The mass remains pasty till all the nitric acid is disengfiged, and then 
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enters into fusion; red vapours again app^riiig towards the end of 
tlie process. Tlie residuary salt is the bisulphate of potash, or 
double sulphate of water and potash, HO.SO3 + KO.SO3. The ra¬ 
tionale of tills important process is exhibited in the following 
diagram;— 


Itefore decomiMisitiou. 
lUl Nitrate of potash. 

49 Oil of vitriol. 

49 Oil of vitriol. 

199 

111 tliis operation twice as muclj sulphuric acid is employed as is 
required to neutralize the jiotash of the nitre, by which means the 
whole nitric acid is eliminated without loss at a moderate tempera¬ 
ture, and a residuary salt is left which is easily removed from the 
retort. 

With half the preceding quantity, or a single equivalent of oil of 
vitriol, the materials in the retort are apt to undergo a vesicular 
swelling, upon the application of heat, and to pass into the receiver. 
Abundance of ruddy fumes are also evolved, that are not easily 
condensed, and prove that, the nitric acid is decomposed. The tem¬ 
perature in this process must also be raised inconveniently liigh to¬ 
wards the end of the oiieration, in order to decompose the whole 
nitre. The peculiarities of the decomposition here arise from the 
formation of bisulpliate of potash in the operation, the whole sul¬ 
phuric acid uniting in the first instance with half the potash of 
the nitre. Now, it is only at an elevated temperature that the 
acid salt thus formed can dccoinjioae the remaining nitre;—a tem¬ 
perature which is 
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After decomposition. 
54 __ 63 Nitric acid and water. 
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Ordiuaiy nitric acid for manufacturing puqjoses is generally prc>i 
pared by distilliug uitrate of soda with an equivalent of sulphuric 
acid not at its highest degree of concentration in a large cylinder of 
cast iron c (fig, 109, page 347), supported in l^ckwork over a fire. 
Both ends of the cylinder are moveable, and generally consist of 
circular discs of stone. The nitric acid which distils over is con¬ 
densed in a series of large vessels of salt-glaze ware, of the form of 
Woulf bottles, of which one, V, is shewn in the figure. 

The iron cylinders are generally so supported that two of them 
are heated by one fire, as in fig. 110, which is a sectional view of 
three pairs of such retort 
cylinders. The iron of 
the vault or roof of the 
cylinder is most apt to be 
corroded by the acid va¬ 
pours, and is therefore 
protected by a coating of 
fire-clay or of tiles of the 
same material cemented 
together. 

Properties .—The acid prepared by the first process is colourless, 
or has only a straw yellow tint. If the oil of vitriol has been in 
its most concentrated condition, which is seldom the case, the 
nitric acid is in its state of highest concentration also, and contains 
no more than a single equivalent of water. The density of this 
acid is 1.522 at 58°; but a slight heat disengages a little peroxide 
of nitrogen from it, and its density becomes 1.251 (Mitscherlich). 
The density of the strongest colourless nitric acid which Mr. Arthur 
Smith could prepare was 1.517 at 60°; it boiled at 184°, and 
came within 1 per cent, of the protohydratc in composition, (Oliem. 
Mem, iii, 402). When distilled, it is jmrtially decomposed by the 
heat, and affords a product of a strong yeUow colour. Its vapour 
transmitted through a porcelain tube, heated to dull redness, is 
decomposed in a great measure into oxygen and peroxide of nitro¬ 
gen ; and into oxygen and nitrogen gases, when the tube is heated 
to whiteness. The colourless liquid acid becomes yellow, when 
exposed to the rays of the sun, and on loosening the stopper of 
the bottle it is sometimes projected with force, from the state of 
compression of the disengaged oxygen. Hence to preserve this 
acid colourless it must be kept in a covered bottle. It congeals at 
about 40°, but diluted with half its weight of water, it becomes 
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solid at and with a little more water its freezing point is again 
lowered to —45° Exposed to the air, the concentrated acid fumes, 
from the condensation by its vapour of the moisture in the atmos¬ 
phere. It also attracts moisture from damp air, and increases in 
weight j and when suddenly mixed with 3-4tlis of its weight of 
water, may rise in temperature from 60° to 140°. 

Nitric acid has a great affinity for water, and diminishes in den¬ 
sity with the proportion of water added to it. A table has been 
constructed in which the per centage of absolute acid is expressed 
in mixtures of various densities, which is useful for reference and 
will be given in an appendix. There appears to be no definite hy¬ 
drate of this acid between the first (the nitrate of water), and that 
containing 8 eq. of water additional (A. Smith). The first has no 
action upon tin or iron. The second is acid of density 1.424, which 
therefore contains 4 eq. of water. This last hydrate was found by 
Dr. Dalton to have the highest boiling point of any hydrate of nitric 
acid : it is 250°, and both weaker and stronger acids are brought to 
this strength by continued ebullition, the former losing water and 
the latter acid. The density of the vapour of this hydrate is found 
to be 1243 by A. Bineau, and it contains 2 volumes of nitrogen, 
5 volumes of oxygen, and 8 volumes of steam condensed into 10 
volumes, which are therefore the combining measure of this vapour.* 

Nitric acid is exceedingly corrosive, and one of the strongest acids, 
yielding only in that respect to sulphuric acid. The facility with 
which it ports with its oxygen renders it very proper for oxidating 
bodies in the humid way, a purpose for which it is constantly em¬ 
ployed. Nearly all the metals are oxidized by means of it; some of 
them with extreme violence, such as copper, mercury, and zinc, when 
the concentrated acid is used; and tin and iron by the acid very 
slightly diluted. Poured upon red hot charcoal, it causes a brilliant 
combustion. When mixed with a fourth of its bulk of sulphuric 
acid, and thrown upon a few drops of oil of turpentine, it occasions 
an explosive combustion of the oil. Sulphur digested in nitric acid 
at the boiling point is raised to its highest degree of oxidation and 
becomes sulphuric acid; iodine is also converted by it into iodic 
acid. Most vegetable and animal substances are converted by nitric 
acid into oxalic and carbonic acids. It stains the cuticle and nails 
of a yellow colour, and has the same effect upon woolj the orange 
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patterns upon woollen table covers ore produced by means of it. Tn 
the undiluted state it forms a powerful cautery. 

In acting upon the Jess oxidable metals, such as copper and mer¬ 
cury, nitric acid is itself decomposed, and nitric oxide gas produced, 
which comes off with effervescence. Palladium and silver, when they 
are dissolved by the acid in the cold, produce nitrous acid in the 
liquor and evolve no gas, but this is very unusual in the solution of 
metals by nitric acid. Those metals, such as zinc, which are dis¬ 
solved in diluted acids with the evolution of hydrogen, act in two 
ways upon nitric acid; sometimes they decompose it, so as to disen¬ 
gage a mixture of peroxide of nitrogen and nitric oxide, and at 
other times they decompose both water and nitric acid at once, in 
such proportions that the hydrogen of the water combines witli the 
nitrogen of the acid to form ammonia, which last combines with 
another portion of acid, and is retained in the liquor as nitrate of 
ammonia. The protoxide of nitrogen is also evolved when zinc is 
dissolved in very feeble nitric acid, which may arise from the action 
of hydrogen upon nitric oxide. Nitric acid, in its highest state of 
concentration, exerts no violent action upon certain organic sub¬ 
stances, such as lignin or woody fibre and starch, for a short time, 
but unites nith them and forms singular compounds. A proper acid 
for such experiments is procured with most certainty by distilling 
100 parts of nitre, with no more than 00 parts of the strongest oil 
of vitriol. If paper is soaked for one minute in such an acid, and 
afterwards washed with water, it is found to shrivel np a little and 
become nearly as tough as parchment, and when dried to be remark¬ 
ably inflammable, catching fire at so low a temperature as S-OO®, and 
burning without any nitrous odour (Pclouze,) Or if the strong 
undiluted nitric acid of commerce be mixed with an equal weight of 
oil of vitriol, and cotton wool be immersed in the mixture for a 
minute or two and afterwards washed with water, it is converted 
into gun-cotton, without injury to the cotton fibre (Scheinbein). 

Nitric acid forms an important class of salts, the nitrates, which 
occasion deflagration when fused with a combustible at a high tem¬ 
perature, from the oxygen in their acid, and are remarkable as a 
class for their general solubility, no nitrate being insoluble in water. 
The nitrate of the black oxide of mercury is perhaps the least solu¬ 
ble of these salts. The nitrates of potash, soda, ammonia, baryta, 
and strontia, are anhydrous; bnt the nitrates of the extensive mag¬ 
nesian class of oxides all contain water in a state of intimate com- 
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bination, and have a formula analogous to that of hydrated nitric 
acid, or the nitrate of water itself. Of the four atoms of water con¬ 
tained in hydrated nitric acid of sp. gr. 1.42, one is combined with 
the acid as base, and may be named basic water, while the other 
three are in combination with the nitrate of water, and may be 
termed the constitutional water of that salt. The same three atoms 
of constitutional water are found in all the magnesian nitrates, with 
the addition often of another three atoms of water, as appears from 
the following formulae:— 


Nitric acid, 1.42. 

Prismatic nitrate of copper. 
Rhomboidal nitrate of copper. 
Nitrate of magnesia. 


. HO.NO5 + 3HO 
. CuO.NOs + SHO 
. CnO.NOg + SHO + SHO 
. Mg0.N05 + 3H0+3H0 


It is doubtful whether the proportion of constitutional water in 
any of these nitrates can be reduced below 3 atoms by heat without 
tlie loss of a portion of nitric acid at the same time, and the partial 
decomposition of the salt. The nitrates of the potash and magne¬ 
sian classes do not combine together, and no double nitrates are 
known, nor nitrates with excess of acid. The nitrates with excess 
of metallic oxide, which are called subnitrates, appear to be formed 
on the type of the magnesian class : the subnitrate of copper, being 
CuO.NOg + SCuO.SIIO (Gcrhardt), or nitrate of copper T\'ith 3 
atoms hydrated oxide of copper. The water is strongly retained, 
and requires a temperature of 300° to expel it. The nitrate of red 
oxide of mercury is HgO.NOg + HgO (Kane.) 

Nitric acid in a solution cannot be detected by precipitating that 
acid in combination with any base, as the nitrates arc all soluble, so 
that tests of another nature must be had recourse to, to ascertain 
its presence. A highly diluted solution of sulphate of indigo may 
be boiled without change, but on adding to it at the boiling tem¬ 
perature a liquid containing free nitric acid, the blue colour of the 
indigo is soon destroyed. If it is a neutral nitrate which is tested, 
a little sulphuric acid should be added to the solution, to liberate 
the nitric acid, before mixing it with the sulphate of indigo. It is 
also necessary to guard against the presence of a trace of nitric acid 
in the sulphuric acid. Another test of the presence of nitric acid 
hiis been proposed by De Eichemont. The liquid containing 
the nitrate is mixed with rather more than an equal bulk of oil of 
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vitriol, and when-the mixture has become cool, a few drops of a 
strong solution of protosulphate of iron are added to it. Nitric 
oxide is evolved, and combines with the protosulphate of iron, pro¬ 
ducing a rose or purple tint even when the quantity of nitric acid is 
very small. One part of nitric acid in 24,000 of water has been 
detected in this manner. Free nitric acid also is incapable of dis¬ 
solving gold-leaf, although heated upon it, but acquires that property 
when a drop of hydrochloric acid is added to it. But in testing the 
presence of this acid, it is always advisable to neutralize a portion of 
the liquor with potash, and to evaporate so as to obtain the thin 
prismatic crystals of nitre, which may be recognised by their form, 
by their cooling nitrous taste, their power to deflagrate combustibles 
at a red heat, and by the characteristic action of the acid they con¬ 
tain, when liberated by sulphuric acid, upon copper and other metals, 
in which ruddy nitrous fumes are produced. 

If nitric acid be rigidly pure, it may be diluted with distilled 
water, and is not disturbed by nitrate of silver, nor by chloride of 
barium, the first of which discovers the presence of hydrochloric acid by 
producing a white precipitate of chloride of silver; the last discovers 
sulphuric acid by forming the wlute insoluble sulphate of baryta. 
The fuming nitric acid may be freed from hydrochloric acid, by 
retaining it warm on a sand-bath for a day or two, when the chlorine 
of the hydrochloric acid goes off as gas. To free it from sulphuric, 
it should be diluted with a little water, and distilled from nitrate of 
baryta; but the process for nitric acid which has been described 
gives it without a trace of sulphuric acid, when carefully conducted. 

Uses ,—Nitric acid is sometimes used in the fumigations required 
for contagious diseases, particularly in wards of hospitals from which 
the patients are not removed, the fumes of this acid being greatly 
less irritating than those of chlorine. For the purpose of fumigation, 
pounded nitre and concentrated sulphuric acid are used, being heated 
together in a cup. Nitric acid is par excdlence the solvent of 
metals, and has other most numerous and varied applications not 
only in cbemistiy, but likewise in the arts and manufactures. 
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iW’itli Jiy^riDfg^* nifci^^n forms a ?emarka|)le g^sepuif. (»mpoi^d^ 
amnio^j derives its nraim wV 

wlucjii it is geuerally extracted, iiid vel^ch a^n waa so 
being ^t prepared in the district of Ajnraoina, inLybia. Anpnonia 
is produced in the destructive distillation of all organic matters con¬ 
taining nitrogen, which has given rise to one of its popular names, 
the Spirits of Hartshbrn. Tt is also produced during the putrefaction 
of the same matters, and finds its way into the atmosphere (p^ $36). 
A trace of it is always found in the native oxides of iron, in the 
varieties of clay, and in some other minerals. 

Nitrogen and hydrogen mixed together do not exhibit any dispo¬ 
sition to combine, even when heated; but if electric sparks be taken 
through a mixture of those gases, particularly with the presence .of 
any acid vapour, a sensible trace of a salt of ammonia is produced. 
Hydrogen, however, if evolved in contact with nitrogen, will in cer¬ 
tain circumstances form ammonia. Thus in the rusting of iron in 
water containing air or nitrogen and carbonic acid, the hydrogen 
which is then evolved from the decomposition of the water, appears 
to combine in its nascent state with nitrogen. If, while zinc is dis¬ 
solving in dilute sulphuric ackl, nitric acid be added drop by drop 
till the evolution jit hydrogen gas ceases, the latter will be found to 
liave united with the nitrogen of the nitric acid, and much ammonia 
to be fonned; the oxygen of the nitric acid combining with hydro¬ 
gen also, to form water, at the same time. If the proportion of 
nitric acid be relatively small, Mr. Nesbitt finds that it may be en¬ 
tirely couverted into ammonia in this manner. When, zinc is dis¬ 
solved iu, nitric apid alone, which is neither much diluted nor very 
strong^ but.; iu <au iutermediate condition, the same suppression of 
hydrogen ai^-fprepLaiipu of ammonia is observed. 

Prejfardtion.-^lk B, state of purity, ammonia is a gas, of which'- 
the well-knownor aqua ammomai is a solution in water. 
This solution, which is of constant use "as a reagent, is prepared by 
ipixing intimately sal ammoniac (liydrochlorate of ammonia) with an 
equal weight of slaked lime, introducing the mixture into a glass 
retort or bolt-head, which is afterwards filled up with slaked lime 
(A, fig. Ill), and distilling by the diffused heat of a clu^er or 
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Fig. 111. 



sand-pot. If recourse is had to the gas-flame, the heat may be con¬ 
veniently diffused by placing the burner within a cylinder of sheet 
iron about 14 inches in height, as represented in the figure, W'ith a 
perforated stage B, covered M’ith small fragments of ])umice-stone, on 
which the flask A is su]>portcd. Ammoniacal gas comes off, which 
should be conducted into a (luantity of distilled wafer in the bottle 
C, to condense it, e{[n;.il to the w(;ight of the salt employed. Chloride 
of calcium and the excess of lime remain in tlie retort, and a consi¬ 
derable quantity of water is liberated in the process, and distils over 
with the ammonia. This n action is explained in the following 
diagram:— 

1‘ROCHSS roil AMMONIA. 


Before tlccomposition. 


58.5 ITydrochlorate 

i Hydrogen 


icidorinc . .-iS.r. 
fOxygen . 8 Water. 

-S Lime . . .|Cafciiim . 20- >^...55.5 Chloride of 

— - calcium. 

81.5 81.5 

Or in symbols : N Cl and Ca 0=N with H O and CftCl. 


Ammonia 


f Oxygen 
Lime . . .|Cafciiim 


After (Iccompoftitioii. 
—17 Ammonia. 


81.5 


To obtain ammoniacal gas, a portion of the solution prepared by 
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the preceding process mayy)e introduced into a small plain retort, A 
(fig. 112), by means of the long funnel B; and the short bent tube 


Fig. 112. 



C being adajjted by a perforated cork to the 
mouth of the retort, the li([uid is boiled by a 
gentle heat, when the gas is first expelled from 
its superior volatility, and collected in a jar filled 
with mercury, and inverted over the mercurial 
trough (fig. 113). Or the gas may be derived 
at once from sal ammoniac, mixed with twice its 
weight of (jiiicklime in a small retort, and col- 
leet('d over mercury. 

l^ropcrluis .—Ammonia is a colourless gas, of 
a strong anA pungtmt odour, familiar in spirits 
of hartshorn. It is composed of 2 volumes of 
nitrogen and 6 of hydrogen, condensed into I* 
volumes, which form the combining measure of 
tliis gas. Ammonia is resolved into its consti¬ 
tuent gjiscs, ill these proportions, when trans¬ 
mitted through an ignited porcelain tube con¬ 
taining platinum, iron, or cojipcr wire. The tw'o 
latter metals absorb a little nitrogen (Despretz), 
and become brittle, but the platinum remains 
unaltered. By a pressure of 6.5 atmospheres, at 
50°, it is condensed into a transparent colourless 


Fio. 113. 
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liquid, of whicli the ap. gr, is 0.731 ut Ammoniacal gas is in¬ 
flammable in air in a low degree, burning in contact with tlie flume of 
ar taper. A small jet of this gas will also burn in oxygen. A mixture 
of ammoniacal gas with uii equal volume of nitrous oxide may be 
detonated by the electric spark, and uflbrds water and nitrogen. 
Water is capable of dissolving about 500 times its volume of ammo¬ 
niacal gas in the cold, and the solid ion is always specifically lighter, 
and has a lower boiling point tlian pure water. According to the 
obseiwations of Davy, solutions of sp. gr. 0.872, O.OOod, and 0.9002, 
contain respectively 32.5, 25.37 and 9.5 per cent, of ammonia. Mr. 
Griffin, who has constructed a table of the densities of solutions of 
ammonia from experiment, finds that no sensible condensation of 
volume occurs in these mixtures, and tliat their densities are the 
mean of those of water (1) and aidiydrous li{[uid ammonia, supposing 
the latter to be 0.70S3 at 02° (Mein. Chem. Soc. iii. 180). Ammo¬ 
niacal gas is also largely soluble in alcohol. 

Solution of ammonia lias an acrid alkaline taste, and produces 
blisters on the tongue and skin. When cooled slowly to —40°, it 
crystallizes in long needles of a silky lustre. The solution has a 
temporary action upon turmerit; jiaper, which it causes to be brown 
while humid; it also restores the blue colour of litmus rcdileued by 
an acid, changes the blue colour of the infusion of red cabbage into 
greeu, and neutralizes the strongest acids, properties M hich it jios- 
sesscs in common with the fixed alkalies. It is distinguislied iis the 
volatile alkali. When ammonia is free, it may always be discoviTial, 
by its odour, by forming dense white fumi's with hydrocldoric acid, 
and by producing a deep blue solution with salts of copper. 

Ammonia, in solution, is decomposed by chlorine, with the evolu¬ 
tion of nitrogen gas and formation of hydrochiorate of ammonia: 
when ammonia and chlorine, both in the state of gas, are inixf^d 
together, the action that ensues is attended with flame. Dry iodine 
absorbs ammoniacal gas, and forms a brown viscous liquid, which 
water decomposes, dissolving out hydriodate of ammonia, and lejw- 
ing a black powder, w Inch is the explosive iodide of nitrogpsii. 

Ammonia fonns several classes of compounds with acids and salts 
(page 202), and exhibits highly curious reactions with many other 
substances, which do not admit of being discussed so early, but whicli 
I shall return to later in the work. 
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SECTION IV. 

CAHBON. 

Etj. 6 75 ; C; density of vapour {hypotheticaV) 416 

Carbon is found in great abundance in the mineral kingdom united 
with other substances, as in coal, of which it is the basis, and in the 
acid of carbonates : it is also the most considerable element of tlie 
solid parts of both animals and vegetables. It exists in nature, or 
may be obtained by art, under a variety of appearances, and possessed 
of very different pliysical projierties. Carbon is a dimorjdious body, 
occurring crystallized in the diamond and graphite in wholly different 
forms, and when artificially produced forming several amorphous 
varieties of charcoal which are very unlike each otlier. 

Diamond .—This valuable gem is found throughout the range of 
the Ghauts in India, but chiefly at Golconda, in Borneo, and also in 
Brazil. It is always associated with transported materials, such as 
rolled gravel, or found in a sort of breccia or pudding-stone, com- 
])Osed of fragments of jasper, quartz, and calcedony, so that it is still 
a (juestion whether the diamond is of mineral or vegetable origin. 
On removing the crust with which the crystals arc covered, they 
are exceedingly brilliant, refract light powerfully, and are gene¬ 
rally perfectly transparent, although diamonds are sometimes black, 
blue, and of a beautiful rose-colour. Tlie primitive form of diamond 
is the regular octohedron, or two four-sided pyramids, of winch the 
faces are e(iuilateral triangles, applied base to base (fig. 53, pi^ge Iflfl). 
It is more frequently found in the jiyramidal octohedron,—a figure 
bounded by ‘21 aides, which j)rescnts the general aspect of a regular 
octohedron, on every fjicet of which Inis been placed a low' pyramid 
of three facets; or, each facet of the octolicdron is replaced by 6 
secondary triangles, anti the crystal becomes almost spherical, and 
presents 48 facets. These facets often appear curved from the effect 
of attrition. The diamond can always be cleaved in the direction of 
the faces of the octohedron, which possess that particular brilliancy 
characteristic of the diamond. It is the hardest of the gems. An 
edge of its crystal formed by flat jdanes only scratches glass, but if the 
edge is formed of curved faces, like the edge of a convex lens, it* 
then, besides abrading the surface; produces a fissure to a small 
depth, uivd in the form of the glazier’s diamond is used to cujj, glass. 
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The weight of diamonds is generally estimated by the mmt, which is 
about 3.2 grains. The diamond ia remarkably indestructible, and 
may be heated to whiteness iu a covered crucible without injury, but 
it begins to burn in the open air, at about the melting point of silver, 
charcoal sonietim<;s appealing on its surface, and is entirely converted 
into carbonic acid gas. When heated to the highest degree between 
the charcoal points of a strong voltaic battery, the diamond swells up 
considerably, and divides into portions. After cooling it is found 
entirely altered in appearance, having become of a metallic gray, 
friable, and resembling in every respect the coke from bituminous 
coal. Tliis experiment appears to show that a high temperature ia 
unfavourable to the existence of diamonds, and that they cannot 
therefore be originally formed at a very elevat(;d temperature. The 
diamond is (juickly consumed in fused nitre, when tlic carbonic 
acid is retained by the potash j this is a simple mode of analyzing 
the diamond, by which it has been proved to be pure carbon. Tlie 
diamond is a iioii-couductor of electricitv. Its density varies from 
3.5 to 3.55. 


mineral, which is also known as Black Lead ami 
Plumbago, occurs in rounded masses deposited iu beds iu tlic primi- 
hve foimaticms, particularly iu granite, mica-schist, and primitive 
limestone. Borrowdale in Cumberland is a celebrated locality of 
graphite, and affords tlie only specimens which are suificiently hard 
for making pencils, [t is occasionally found crystallized in plates 
’Which are six-sided tables. Graphite may also lie produced arti- 
hciaJIy, by putting an excess of charcoal in contact with fused cast 
non, when a portion of the carbon dissolves, and sejiaratc.s again on 
cooling, m the form of larger and beautiful leafh-ts. lu the condition 
ot graphite carbon is perfectly op.'ujue, .soft to the touch, pos.ses.scd 
ot the metallic lustre, and of a specific gravitj from l.f) to 2.3. It 
always contains iron and mnngaiie.s(^ aiiparcntly in tlie state of oxides, 
and m cornbrnation with silicic and titanic acid.s, sometimes to the 
extent of 28 per cent., but in .some specimoms, as in tho.se from Barrero.s 
ni Brazd, not more tlum a trace of those metals is found, whicli is to be 
c^onsidered an accidental constituent, and not essential to the mineral. 
A either lu the form of diamond nor graphite doe.s carbon exhibit any 
mdittition of fusion or volatility under the most intense lieat. 
Anthracua is often nearly pure carbon, but always contains a portion 
p lyc rogeii, and i.s related to bituminous coal, and not to gnipUito. 

^-Iwing to its iiifusibility carbon juesents itself under 
Bimty of aspects, according to iiie struct urc of the substance from 
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which it is derived, and the accidental circumstances of its prepara¬ 
tion. The following are the principal varieties : gas carbon, lamp 
black, wood charcoal, coke, and ivory black. 

1. Gas carbon has the metallic lustre, and a density of 1.76; it is 
compact, generally of a inammillatcd structure, but sometimes in fine 
fibres, and considerably resembles graphite, but is too hard to give a 
streak upon paper. It is the product of a slow deposition of carbon 
from coal gas at a high temperature, and is frequently found to line 
the gas retorts to a considerable thickness, and to fill up accidental 
fissures in them.* 

2. Lamp black is the soot of imperfectly burned combustibles, 
such as tar or resin. Carbon is deposited in a powder of the same 
nature, and of the purest form, when alcohol vapour or a volatile oil 
is transmitted through a porcelain tube at a red heat; and the 
lustrous cliarcoal, which is obtained on calcining, in close vessels, 
starch, sugar, and many other organic substances, which fuse and 
afford a bright vesicular carbon of a metallic lustre, is possessed of 
the same characters. The charcoal of the latter sources, however, 
always retains traces of oxygen and hydrogen. Lamp black is deficient 
in an attraction for organic matters in solution, wliich ordinary charcoal 
possesses. 

3. Wood charcoal. Wood was found by Karsten to lose 57 per 
C{!nt. of its weight when thoroughly dried at 212°, and 10 per cent, 
more at 301°. The remaining 33 parts of baked wood afforded, 
when calcined, 25 of charcoal, while 100 parts of the same wood 
calcined, without being previously dried, left only 11 per cent, of 
carbon. It is the absence of this large quantity of water which 
causes the heat, of burning charcoal to be so much more intense thiui 
tliat of wood. When calcined at a high temperature, charcoal 
Ix’comes d(;nsc, hard, and hiss inllammable. The knots in wood 
somet imes afford a charcoal which is particularly hard, and is used in 
polishing metals, but it contains silica. From the minuteness of its 
pores, the clmrcojil of M’ood absorbs many times its volume of the 
more liq\iefiablo gases; such as ammoniacal gas, hydrochloric acid, 
hydrosulphuric acid, and carbonie iicid, condensing 90 times its 
volume of the first, and 35 of the last: of oxygen, it condenses 9.25 
volumes; of nitrogen, 7.5 volumes; and of hydrogen, 1.75 volumes. 
It also absorbs moisture with avidity from the atmosphere, and 
other condensible vaj)our8, such as odoriferous effluvia. From tliis 


* Dr. Colquhoiin, Annala of Philosophy, New Series, vol. xii. p. 1. 
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last property freshly calciued cliarcoal, when wrapt up in clothes 
which have contracted a disagreeable odour, destroys it, and has a 
considerable effect in retarding the putrefaction of organic matter 
with which it is placed in contact. AVater is also found to remain 
sweet, and wine to be improved in quality, if kept in casks of which 
the inside has been charred. In the state of a coarse ])owder, wood 
charcoal is particularly ajjplicabie as a filter for spirits, which it 
deprives of tlie essential oil which they contain. It is much less 
destructible by atmospheric agencies than u'ood, and hence the 
points of stakes are often charred, before being driven into the 
ground, in order to preserve them. Charcoal decomposes the vapour 
of water at a red heat, giving rise to a gaseous mixture, which was 
found by Bunsen to consist, in 100 volumes, of hydrogen 56, car¬ 
bonic oxide 29, carbonic acid 14.8, and light carburetted hydrogen 
0.2 volume. 

4. The coke of those species of coal which do not fuse when 
healed is a remarkably dense charcoal, considerably resembling that 
of wood, and of great value as fuel, from tlie high temperature which 
can be produced by its combustion. AVlien burned it generally 
leaves 2 or 3 per cent, of eartliy asiies, while the ashes from wood 
charcoal seldom exceed 1 per cent. The density of pulverised coke 
varies from l.C to 2.0. Coke and wood charcoal, after being strongly 
heated, are good conductors of elect i-icity. 

5. Ivory black, Bono black, and Animal charcoal, arc names 
applied to bones calcined or converted into charcoal in a close vessel. 


The charcoal thus produced is mixed with not less than 10 times 
its weight of phosphate of lime, and being ii\ a state of extreme 
division, exposes a great deal of surfitce. It posscisscs a reinaik- 
able attraction for organic colouring matters, and is extensively 
used in withdrawing the colouring matter from syrup in the 
refining of sugar, from the solution of tartaric acid, and in the 
purification of many other organic liquids. The usual practice, 
which was introduced by Dumont, is to filter the liquid hot through 
a bed of this charcoal in grains of the size of those of gunpowder, 
and of two or three feet in thickness. It is found that the dis¬ 
colouring power is greatly reduced by dissolving out the phosphate 
of lime from ivory black by an acid, although this must be done in 
certain applications of it, a.s when it is u.scd to discolour the vege- 
a e acids. A charcoal posscjsscd of the same valuable jiroporty 

**** produced by ciilcining dried 

wood, horns, hoofs, dippings of Iiicl(?s, in contact with carbonate of 
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potash, and washing the calcined mass afterwards with water. Even 
vegetable matters afford a charcoal possessed of considerable dis¬ 
colouring power, if mixed with chalk, calcined flint, or any other 
earthy powder, before being carbonissed. One hundred parts of pipe 
clay made into a thin paste with water, and well mixed with 20 parts 
of tar and 500 of coal finely pulverized, have been found to afford, 
after the mass was dried and ignited out of contact with air, a cliar- 
coal which was little inferior to bone black in quality. When char¬ 
coal which has been once used in such a filter is calcined again, it 
is found to have lost much of its discolouring power. This is owing 
to the deposition upon its surface of a lustrous charcoal, of the lamp 
black variety, produced by the decomposition of the organic colour¬ 
ing matters, which has little or no discolouring power. But if the 
charcoal of the sugar filters be allowed to ferment, the foreign matter 
in it is destroyed; and if afterwards well washed with water ami 
dried, before being calcined, it will be found to recover a considerable 
portion of its original power. 

Bussy has constructed, from observation, the following table of 
the elfieicncy of the different charcoals. These substances are com¬ 
pared with ivory black, as being the most feeble s])ecies, although 
this is superior by several degrees to the best wood charcoal. The 
relative efficiency, it will be observed, is not the same for two dif-. 
ferent kinds of colouring mutter :— 


Species of charcoal 
same weight. 

llcliitive Ibicolou- 
ratioii of sulphate 
of iiuiigo. 

Rdative De¬ 
colouration 0 
Sjrnp. 

Blootl charred with carbonate of potash 

50 

30 

Hlood cliarrcd with chalk ..... 

IS 

11 

Blood cluured willi phosphate of lime . 

13 

10 

Blue charred with I'arhonatc of potash . 

36 

15.5 

White of egg charred with the same 

34 

15.5 

Gluten charred with the same .... 

10.6 

8.8 

Charcoal fToin acetate of potash .... 

5.0 

4.4 

Charcoal from acetate of soda .... 

13 

8.8 

Lamp black, not calcined. 

4 

S.3 

T.amp black calcined with carbonate of potash 

Bono <tharcoal, after the c.ttmctioii of the earth of 

15.3 

10.6 

bones by an acid, and calcination with potash 

45 

20 

Bone charcoal treated with an acid . . 

1.87 

1.6 

Oil charred witb tko phosphate of lime 

2 

1.9 

Bone charcoal, in its ordinary state 

1 

1 
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This remarkable action of chai'coal in withdrawing matters from 
solution is certainly an attraction of surface, but it is capable, not¬ 
withstanding, of overcoming chemical affinities of some intensity. 
The matters remain attached to the surface of the charcoal, \vithout 
being decomposed or altered in nature. I’or if the blue sulphate of 
indigo be neutralized and then filtered through charcoal, the whole 
colouring matter is I'ctained by the latter, and the filtered liquid is 
colourless. But a solution of caustic alkali will divest the charcoal 
of tlie blue colouring matter, and carry it away m solution. The 
salts of quinine, morphine, and other organic bases and bitter prin¬ 
ciples, are carried down by animal charcoal used in excess (Warington, 
Mem. Chem. Soc. hi. 326). Hence tliis substance is a very general 
antidote to vegetable poisons, as was proved by Hr. Garrod. Other 
substances also are carried dow n by animal charcoal, besides organic 
matters. Lime from lime water, iodine from solution in iodide of 
potassium, hvdrosulphuric acid from solution in water, soluble sub¬ 
salts of lead, and metallic oxides dissolved in ammonia or caustic 
potash ; but it has little or no action upon most neutral salts. The 
cliarcoal is apt with time to react upon the substance it carries down, 
probably from their closeness of contact, reducing the oxides of silver, 
lead, and copper, for instance, to the metallic slate in a short time. 
Animal charcoal soon disap})Cars when heated in cldorinc water, and 
is converted into carbonic acid; and the affinities of carbon generally 
are more active in this than in its other forms. 

Carbon is chemically the same under all these forms. This cle¬ 
ment cannot be crystallized artiticially by the usual methods of fusion, 
solution or sublimation, if- we except its solution, in east iron, which 
gives it in the form of graphite and not of the diamond. It is 
chemically indiffiueut to most bodies at a low temperature, but com¬ 
bines directly with some metals by fusion, and forms compounds 
named carburets or carbides: in these compounds, however, the 
metal is most probably the negative constituent. When heated to 
low redness it bums readily in air or oxygen, forming a gaseous com¬ 
pound carbonic acid, whicli, when cool, has sensibly the same volume 
as the origuial oxygen. With half the proportion of oxygen in car¬ 
bonic acid, carbon forms a protoxide, carbonic oxide gas. The last 
gas being supposed similar to steam or to nitrous oxide in its constitu¬ 
tion, will be composed of 2 volumes of carbon vapour and 1 volume 
of oxygen gas condensed into 2 volumes, an assumption upon which 
the density of carbon vapour, wliich there are no means of deter- 
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mining experimentally, is usually calculated, and made about 4^0 ; 
the combining measure of this vapour containing 2 volumes (page 
14<8.) The density deduced from the equivalent of carbon is more 
nearly 416.* That the equivalent of carbon is exactly 6, as ori¬ 
ginally maintained by Dr. Prout, has been established beyond doubt 
by M. Dumas, by the combustion of the diamond in a stream of 
oxygen gas. Pure csirbon then unites with oxygen in the proportion 
of 3 to 8 exactly, or 6 to 16, to form carbonic acid (p. 366). 

Useti .—Several valuable applications of this substance have al¬ 
ready been incidentally described. Carbon may be said to surpass aU 
other bodies whatever in its affinity for oxygen at a high temperature; 
and being infusible, easily got rid of by combustion, and forming 
compounds with oxygen which esea])e as gas, this body is more 
suitable than any other substance to effect the reduction of metallic 
oxides ; tliat is, to deprive them of their oxygen, and to produce 
from them the metal with the properties which characterize it. 


CARBONIC ACJD. 


AVy. a2 or 275 ; CO 2 J dmsity 1529.0 ; | | j 

'riiis gas was first discovered to exist in lime-stone and the mild 
alkalies, and to b(; expelled from the first by lieat, and from both 
by the action of acids, by Dr. Black, and was named by him Fixed 
Air. lie also remarked that the same gas is formed in respiration, 
fermentation, and combustion i it was afterwards proved to contain 
carbon by Lavoisier. 

Freparation .—Carbonic acid is readily procured by pouring hy¬ 
drochloric acid of sp. gr. 1.1, upon fragments of marble contained 
in a girs-bottlc (fig. Ill), or by the ad ion of diluteil sulphuric acid 
upon chalk. A gas comes off with eflervcscence, which may bo 
collected at the water trough, but cannot be retained long over water 
without considerable loss, owing to its solubility. 


* The iinniher for carbon vapour deduced from the density of oxygen gas, that is, six- 
sixtecutlw of that density, is 41t.01 (jwge 140) ; while six-fourtecuths of the density of 
nitrogen is 4iri.304. and six times the density of hydrogen, 415.50. The dcusily of 
nitrogen is probably the least objectionable, and llio number deduced from it for carbon 
(410) tkereforu the safest. 
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l'’iu. 114. 



From the great weight of carhoiiic acid a bottle may be tilled 
with this gas by displacing air. The gas being evolved in the gas- 
bottle A (fig. 115), is first conveyed into a wash-bottle B, containing 
water, to condense any hydrocldoric acid vajiour with whicli the gas 
may be accom])auied; then passed through a U shaped drying tube 
C, containing fragments of chloride of calcium, to absorb aqueous 
vapour, and then conveyed to the lower })art of the bottle 1). When 
generated in the close apj)aratus of Thilorier for the puq)osc of 
liquefying it (page 70), this gas is evolved from bicarbonate of soda 
and sidphmic acid. 

Fio. 115. 



Properties .—^This gas extinguishes flame, docs not support animal 
life, and renders lime water turbid. Its density is considcrid)le, being 
1529 (llegnault), or a half more than that of air, the gas cont-aining 2 
volumes of the hypothetical carbon vapour and 2 volumes of oxygen, 
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condensed into 2 volumes, which form the eombiuiiig raeosiirc. Cold 
water dissolves rather more than an cqiiar volume of this gas; the 
solution has an agreeable acidulous taste, and sparkles when poured 
from one vessel into another. It communicates a wine-red tint to 
litmus paper, which disaj)pears again when the paper dries; when 
I loured into lime water it first throws down a white flaky precipitate 
of carbonate of lime or chalk, whicli it afterwards redissolves if tlie 
solution of the gas be added in excess. The quantity of this gas 
which water takes up is found to be sensibly proportional to the 
pressure; a very large volume of the gas is forced into soda, 
tuiignesia, and other aerated wjiters, much of which escapes on 
removing the pressure from these liquids. 

Liquefied by pressure, carbonic acid lias an elastic force of 38 5 
atmospheres at 32° (raraday). Tlic sjiecific gra\'ity of liquid car¬ 
bonic acid, at the same temperature, is 0‘83 : it dilates remarkably 
from heat, its expansion being four times greater than that of air, 20 
volumes of the liquid at 32° becoming 29 at S6°, and its density 
varying from 0.9 to 0.6 as its temperature rises from —4° to 86°.* 
It is a colourless liipiid, whieli mixes in all ])roportious with ether, 
alcohol, naphtha, oil of tnrpenline, and bisnlpliide of carbon, but is 
insoluble in ivatcr and fat oils. At temperatures below —72° it is 
solid (page 73). 

Potasssium heated in a small glass bulb blown upon a tube, 
through which gaseous carbonic acid is transmitted, undergoes oxida¬ 
tion, and liberates carbon, the existence of which in the giis may thus 
be shown; or, for this experiment, a cleansed and dry I'lorence oil- 
flask may be filled, by displacement, vith the dried gas (fig. 115), 
and a pellet of potassium being introdncetl, combustion may be de¬ 
termined by applying the flame of an Argand spirit-lamp for a few 
seconds to the bottom of the flask. Bui burning phosphorus^ sul¬ 
phur, and other combustibles, are immediately extinguished by car¬ 
bonic acid, and the combustion docs not cease from tlie absence of 
oxygen only, but from a positive influence iu checking combustion 
which this gas exerts, for a lighted candle is extinguished iu air 
containing no more than one-fourth of its volume of carbonic acid. 
It is generally believed that any mixture of carbonic acid and air will 
support the respiration of man, which will maintain the flame of a 
can^e, and therefore a lighted candle is often |et down into wells 
or pits suspected to contain this gas, to ascxjrtain whether they are 

• Thiloricr, Anunles dCtChini. cl do Pbys. lx. p. 4.27. 
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safe or not. But although air in which a candle can burn may not 
occasion immediate insensibility, still tlie continued respiration for 
several hours of air containing not more tliau 1 or per cent, of car¬ 
bonic acid, has been found to produce alarming effects (Broughton). 
The accidents from burning a pan of charcoal in close rooms arc 
occasioned by this gas. It acts as a narcotic poison upon the system. 
A small animal thrown ijito convulsions from the respiration of this 
gas, may be recovered by sudden immersion in cold water. 

Carbonic acid is thrown off from the lungs in respiration, as may 
be proved by directing a few expirations through lime-water. The 
air of an ordinary expiration contains, on an avt'rage, as obscrvctl by 
Dr. Front, 3-4<5 per cent, of its volume of this gas, and the proportion 
varies from 3,3 to 4.1 per cent.,—being greatest at noon, and least 
during the night. Carbonic acid is also a product of the vinous fer¬ 
mentation, and is the cause of the agreeable puns»t;ncy of beer, ale, 
and other fermented liquors, which become stale when exposed to 
the air from the loss of this gas. It also ('xists in all kinds of will 
and spring water, and contributes to their pleasant flavour, for water 
which has been deprived of its gases by boiling is insijjid and dis¬ 
agreeable. Carbonic acid is also largely produced by the combustion 
of carbonaceous fuel, and appears to exist in consid('.rahle cpiantity in 
the earth, being discharged by active volcanoes, and from fissures in 
their neighbourhood, long after the volcanoes are extinct. The 
Grotto del Cane in Italy owes its mysterious pro|M!r(ies to this gas, 
and many mineral springs, such as those of Tunbridge, Ih'nnont, and 
Carlsbad, are highly charged with it. It counts thus to be always 
present in the atmosphere in a sensible, although hv uo moans coji- 
siderable proportion (page 334). 

Composition of carbonic acid, —I’he composition of this sub- 
staiK^, which, like that of water, is one of the fundamental data of 
chemical analysis, is determined witli extreme exactness in th (5 fol¬ 
lowing manner:—A known weight of a very pure form of carbon, 
such as the diamond, is placed in a little trough or cradle of 
platinum, which is introduced into a porcelaiti tube a h (fig. 116), 
placed across a furnace. To effect the combustion Of the carbon, 
the end a of this tube is made to communicate by means of a gla.ss 
tube with an apparatus supplying a stream of oxygon-gas, perfectly 
dried by passing through the U tube B, which contains fragments of 
pumice impregnated with concentrated sulphuric acid. The second 
and fourth U tubes, a and d, arc charged in the same manner. The 
bulb-apparatus a contains a conccjitrated solution of caustif^ potash. 
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and the pumice in the adjoining U tube c is impregnated with 
the same fluid. These tubes, b and c, containing the alkali, with 
the tube following them, d, arc accurately weighed together in a good 
balance. 

Fio. 116. 



The different parts being connectetl by short tubes of caoutchouc, 
as represented in the figure, the apparatus is then filled with oxygen 
gas, which ought to be slowly disengaged. The tube a b, which 
contains the carbon, is lieated to redness, and the latter soon enters 
into combustion, and is changed into carbonic acid. The gases pass 
through the series of tubes a, b, c, d. In a, any trace of moisture is 
absorbed by the sulphuric acid, wliich may escape from the inner surface 
of the tube h b wlien heated, and in b and c the carbonic acid produced 
is absorbed by the caustic alkali. The excess of oxygen, which passes 
on uncondensed, takes up a little aqueous vapour in b and c, which 
tends to diminish the weight of the potash apparatus ; for, although 
the tension of the vapour of the alkaline solution is small, the latter 
cannot be used so concentrated as to make the tension insensible. 
The last U tube n remedies this inconvenience by drying the gases 
perfectly again before they cscai>e into the atmosphere. 

In such a combustion the formation of a little carbonic oxide gas 
is to be apprehended. This is ])rovidcd against by filling the part of 
the tube a b, next b, with very porous oxide of copper, wliich is 
heated to retlncss during the experiment. In passing througli this 
oxide, any smsdl quantity of carbonic oxide which may exist is neces¬ 
sarily converted into carbonic acid. The oxide of copper is separated 
by a XJad of asbestos from that part of the tube containing the little 
cradle with the carbon. The evolution of the oxygen is also con¬ 
tinued for some time after the combustion of the carbon is complete, 
in order to sweep the tubes by means of that gas, and carry forward 
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the whole carbonic acid formed into the potash bulbs where it is 
absorbed. 

On disconnecting the apparatus afterwards, and examining the 
cradle in which the carbon was placed, to ascertain whether its 
combustion is complete, a little incombustible earthy matter, not 
exceeding a few hundredths of a grain, will generally be found 
remaining, which had existed mechanically diffused through the 
carbon. The weight of the cradle and residue, deducted from the 
original weight of the cradle and carbou, gives obviously the exact 
n eight of the carbon consumed; while the original weight of the 
system of tubes b, c, and d, deducted from their final weight, gives 
tlie exact weight of carbonic acid formed, (Cours Elcmentaire dc 
Chimie, par M. V. Regnault.) 

It is found in this way that 6 parts of carbon produce exactly 23 
parts of carbonic acid, or carbonic acid contains— 

1 cq. carbon . . 6 . . 27.27 

2 cq. oxygen . . 16 . . 72.73 

22 100.00 

Carhonates, —Carbonic acid combines with bases, and forms tlic 
class of carbonates. The hydrate of this acid seems incapable of 
existing in an uncombined state, bat it exists in the alhaline bi§ar- 
bonates, nhich are double carbonates of water and tlic alkali. If 
tin's hydrate were formed, we may presume that it would be analo¬ 
gous to the crystallized carbonate of magnesia, of n hich the formula 
is MgOjCO^q-HO + 2IIO, and also the same with another 2 HO ; 
the salt of magnasia of most acids resembling the salt of water. 
Carbonate of lime, in the hydrated condition, has a similar fornmla. 
Carbonates of potash, soda, and ammonia, retain a strong alkaline 
reaction, owing to the iveakness of tin's acid, and the carbonates 
generally are decomposed with effervescence by all other acids, 
except the hydrocyanic. 

Uaen. —Carbonic acid is used in the preparation of aerated waters. 
The strong vessels in which the impregnation is effected, should be 
of copper, well tinned, and not of iron, as with the concurrence of 
water carbonic acid acts strongly upon that metal. It is sometimes 
desirable to remove carbonic acid from air or other gaseous mixtures, 
and this is generally done by means of caustic alkali or lime-water, 
When very dry, or so humid as to be actually wet, tlic hydrate of 
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lime absorbs this gas with much less avidity than wh^ of a certain 
degree of dryness, which it is not so dry as to be dusty, but at the 
same time not s^sibly damp. The dry hydrate may be brought at 
once to tliis condition, by mixing it intimately with an equal weight 
of crystallized sulphate of soda in fine powder; and this mixture, in a 
stratum of not more than an inch in thickness, intercepts carbonic 
acid most completely, and may rise in temperature to a^ve 200®, 
from the rapid absorption of the gas. It is quite possible to respire 
through a cushion of that thickness, filled with the mixture, and such 
an article might be found useful by parties entering an atmosphere 
overcharged with carbonic acid, like that of a coal mine after the 
occurrence of an explosion of fire-damp. 

Carbonic acid is the highest degree of oxidation of which carbon 
is susceptible; but another oxide of carbon exists containing less 
oxygen. 


CAEBONIC OXIDE. 

Efj. 14 or 175 ; CO; density 967*8; | { | 

Priestley is the discoverer of this gas, but its true nature was first 
pointed out by Cruikshauks, and about the same time by Clement and 
Desormes. , 

Preparation, — Carbonic acid is readily deprived of half its 
oxygen, at a red heat, by a variety of substances, and so reduced to 
the state of carbonic oxide. The latter gas may therefore be obtained 
by transmitting carbonic acid over red-hot fn^ments of charcoal 
contained in an iron or porcelain tube; or by calcining chalk mixed 
with l-4th of its weight of charcoal in an iron retort. It is like¬ 
wise prepared by gently heating crystallized oxalic acid with five or 
six times its weight of strong oil of vitriol in a glass retort. The latter 
process affords a mixture of equal volumes of carbonic acid and car¬ 
bonic oxide, the elements of oxalic acid being carbon and oxygen in 
the proportion to form these gases, and this acid being incapable of 
existing except in combination with water or some other base. Now 
the sulphuric acid unites with the water of the crystallized oxalic 
acid, and the latter acid being set free is instantly decomposed. The 
gas of all ti^iese processes contains much carbonic acid, of which it 
may be deprived by washing it with milk of lime, or a strong solu¬ 
tion of potash. 

2 b 
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Fiq. 117 . 



Another process suggested by Mr. Fowiies affords a perfectly pure 
gas. It consists in heating the crystallized ferrocyanide of potassium 
in a glass retort, or flask A (flg. 117), with four or five times its 
weight of oil of vitriol. The gas may be passed tluough a wash- 
bottle E, ccjiitaining a little water, and be collected in the bottle C 
over the water-trough in the usual manner. One cquivaleiit of 
ferrocyanide of potassium and 9 eciuivalents of water are then 
resolved into 6 cfiuivalents of carbonic oxide, 2 eq. of potash, 1 eq. 
of protoxide of iron, and 3 equivalents of ammonia :— 

2 K.FeC 6 ]S "3 + 9110 = GCO + 2KO + FcO + 3 II 3 N. 

Half an ounce of the salt yields 300 cubic inches of carbonic oxide. 

Properties .—This gas, as has already been stated, is presumed to 
contain 2 volumes of carbon vapour, and 1 volume of oxygen, condensed 
into 2 volumes, so that its combining measure is 2 volumes: its density 
is 967.79 ^Wrede). Carbonic oxide is 14 times heavier than 
hydrogen, like nitrogen, and coincides remarkably in its rate of 
transpiration (page 83) and other physical properties with the latter 
gas. It is very fatal to animals, and when inspired in a pure state 
almost immediately produces coma. Carbonic oxide is not more 
soluble in w'^ater than atmospheric air, and has never bjen liquefied. 
It is easily kindled, and bums with a pale blue flame, like that of 
sulphur, combining with half its volume of oxygen, and forming 
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carbonic acid, which retains the original volume of the carbonic oxide. 
This combustion is often witnessed in a coke or charcoal fire. The 
carbonic acid, produced in the lower part of the fire, is converted into 
carbonic oxide, as it passes up through the red-hot embers, and after¬ 
wards bums above them with a blue flame, where it meets with air. 

Carbonic oxide is a neutral body, like water, and combines directly 
with only a very few substances. It unites with an equal volume of 
chlorine under the influence of the sun*s rays, and forms phosgene 
gas or Cliloroxicarbonic Gas. As the gases contract to half their 
volume on combining, the density of this gas is the sum of carbonic 
oxide 908, and chlorine 2440, or 3408 j its formula is CO.Cl. Clilo- 
roxic{u*bonic gas is colourless, and has a peculiar suffocating odour. 
In contact with water it is decomposed at the same time with an 
equivalent of water; hydrochloric and carbonic acids are produced— 
that is— 

CO.Cl and H0=C02 and HCl. 

Carbonic oxide is also absorbed by potassium gently heated, and 
that metal is employed to separate this gas from a mixture of 
hydrogen and giiseous carbohydrogens, as in the analysis of coal gas. 
But carbonic oxide has been supposed to exist in a greater number of 
compounds, and to be the radical of a series, of which the following 
substances arc members: 


CARBONIC OXIDB SKRIES. 


Carbonic oxide 
Carbonic aciil 
Chloroxicurbonic gas 
Oxalic acid 
Oxamide 

Carbouoxide of potassium 
llhodixonic acid . 
Croconic acid 
Mellitic acid 


. CO 
. CO + O 
. CO+Cl 
. 2CO-j-0 
. ^CO + Nlla 
. 7CO + 3K 
. 7CO + 3HO 
. 5C04-H 
. 4CO + ^ 


In these compounds carbonic oxide is represented as phmng the 
part of a simjdc substance, and forming a variety of products by 
uniting >\ith,oxygen, chlorine, hydrogen, and other elements. 

Mellitic, croconic, and rhodizonic acids, arc sometimes enumerated 
as oxides of carbon, along with carbonic acid, carbonic oxide, and 
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oxalic acid, but tbe former bodies have not an equal claiin to the some 
early consideration as the latter compounds. 


OXALIC ACIO. 

Eq. 36 or 450 ; CaOg. Oxalate of water^ 110 , 0203 +2HO. 

This acid, discovered by Scheelc in 1776, exists in the form of an 
acid salt of potash, in a great number of plants, particularly in the 
species of Oxalis and Rumex : combined with lime it also forms a 
part of several lichens. Oxalate of lime occurs likewise as a mineral, 
humholdite^ and forms the basis of a species of urinary calculus. 
This acid is also produced by the oxidation of carbon in combination, 
in a variety of circumstances, being th§ general product of the 
oxidation of organic substances by nitric acid, hypermanganatc of 
potash, and by fused potash. Those matters which contain oxygen 
and hydrogen in the proportion of water furnish the largest quantity 
of oxalic acid. 

This acid has been derived in quantity from lichens, but it is 
usually prepared by acting upon 1 part of sugar by 5 parts of nitric 
acid, of 1.42, diluted with 10 parts of water at a gentle heat till no 
gas is evolved, and evaporating to crystallize. The crystals must be 
drained, and crystallized a second time, as they are apt to retain a 
portion of nitric acid. Acting upon 1 part of sugar, with 6.6 parts 
of nitric acid, of density 1.245, Mr. L. Tliompson obtained 1.1 
parts of crystallized oxalic acid. One half of the carbon of the 
sugar appeared to be converted into oxalic acid, and the other half 
into carbonic acid; the nitric acid being entirely converted into 
binoxidc of nitrogen, by loss of oxygen. 

Oxalic acid forms long, four-sided, oblique prisms, with dihedral 
summits, or terminated by a .single face. These crystals contain 
tliree eq. of water, one of which is basic, and the other two 
constitutional, or water of crystallization. The latter two may be 
expelled at a temperature above 212°, and the protohydrate rises at 
the same time in vapour, and condenses as a woolly sublimate. 
Heated in a retort, the hydrated acid undergoes decomposition about 
311°, and is converted into carbonic oxide, carbonic acid, and formic 
acid, without leaving any fixed residue. Concentrated nitric acid, 
with heat, converts oxalic acid inbi water and carbonic acid. When 
heated with ^uljdiuric acid, oxalic acid yields equal volumes of car- 
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bonic oxide and carbonic acid; C2O3 being equivalent to CO+COj 
(page 369). No charring, nor evolution of any other gas, occurs, so 
that the action of concentrated sulphuric acid affords the means of 
recognising oxalic acid or any oxalate. Crystallized oxalic acid is 
soluble in 8 parts of water, at 69°, in its own weight of boiling 
water, and in 4 parts of alcohol, at 59°. 

Oxalic acid is a powerful acid, whicli combines with bases, and 
forms a well-defined class of salts,—^the oxalates; it disengages 
carbonic acid easily from all its combinations. Added to lime-water, 
or any soluble salt of lime, oxalic acid forms a white precipitate— 
the oxalate of lime, which is a highly insoluble salt. Absolute 
oxalic acid, C^Oj, has not been isolated, and appears incapable of 
existing except in combination with water, or some other base. 

Composition of oxalic acid .—^The analysis of oxalic acid is 
effected in the following manner;—^Ten grains of the crystals, 
reduced to powder, are exactly weighed and mixed with 200 
or 300 grains of oxide of copper, recently calcined, and perfectly 
dry. This mixture is introduced into a tube of white Bohemian 
glass, which is not easily fused, open at one end, about 0.4 
inch in internal diameter, and 14 or 15 inches long, the other end 
being drawn out, bent upward, and sealed {a, fig. 118). This 


Fig. 118. 



is jdaced in a furnace, of a trough form, as represented in the figure, 
constructed of sheet iron, and heated to low redness by burning 
charcoal. Immediately connected with the combustion tube, by 
means of a fferforated cork, is a tube of the form containing frag¬ 
ments of strongly dried chloride of calcium. In this tube the water 
of the oxalic acid is condensed, and the weight of that constituent is 
ascertained by weighing the tube, before and after the combustion. 
Beyond the chloride of calcium tube, and connected with it by a short 
caoutchouc tube, c, is a glass instrument, p m r, containing a strong 
solution of caustic potash, of density 1.25 to 1.27, for the abscfrption 
of the carbonic acid produced by the combustion of the carbon of 
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the oxalic acid by the oxygen of the oxide of copper. This instru¬ 
ment consists of five balls, of which m is larger than the others; no 
more of the potash ley is put into it than fills the three central balls, 
leaving a bubble of air in each. One corner is elevated a little by a 
cork placed under it, and the whole supported on a folded towel: the 
potash balls, when filled with ley, commonly wiegh from 760 to 900 
grains. This apparatus is also weighed before and after the com¬ 
bustion, and the increase ascertained. 

The experiment, when properly conducted, gives 4.29 grains water 
condensed in the chloride of calcium tube, and 6.98 grains of car¬ 
bonic acid absorbed in the ]iotash bulbs. But 4.29 grains of water 
contain 0.47 grains of hydrogen, and 6.98 grains of carbonic acid 
contain 1.905 grain of carbon. Now, as oxalic acid contains 
nothing but carbon, hydrogen, and oxygen, we obtain thus, for the 
composition of 10 grains of oxalic acid :—^ 


Hydrogen 

0.476 

Carbon 

1.905 

Oxygen 

7.619 


10.000 


To learn the relation between the number of equivalents of these 
constituents of oxalic acid, it is necessary to divide the weight of each 
of them by its chemical equivalent:— 

0.476 1.905 

- = 0.4760. - = 0.8175. 

1 6 
7.619 

- = 0.9524, 

8 

These fractions are in the proportion of 2, 3, and 6 ^ from which it 
follows, that the formula of the crystallized oxalic acid is C, H, 
or a multiple of it. Allowing the 3H to be in coinjjj^nation with 
30, as water, we finally obtain the formula Cj O3 -f 3110, for the 
crystallized acid. 

CARBON AND HYDROGEN-HYDRIDES OF CARBON. 

A large number of compounds of carbon and hydrogen are known \ 
many of them found in the organic kingdom, and others derived 
from the decomposition of organic compounds. Some of these are 
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liquid bodiesi some solid, and others gaseous. At present we shall 
confine ourselves to the three ga^ous compounds which in simpli-. 
city of composition resemble inorganic compounds. 


PROl'OCAllBURETTED liyDBOGBN. 


Light carhuretted hydrogen, Gan of the Acetates, Marsh- 
gas, Fire-damp. Eq. 16, or 200 ; Cg ; density 559.6 ; 

combining measure 1 


This gas is a constant product of the putrefactive decomposition 
of wood and other compounds of carbon, under water, and is most 
readily obtained by stirring the mud at tlie bottom of stagnant pools, 
and collecting the gas as it rises In an inverted bottle and funnel 
(fig. 119). It always contains 10 or 20 per cent of carbonic acid. 


Fio. 119. 



which may be separated from it 
by lime-water, and a small pro¬ 
portion of nitrogen. This gas also 
issues, in some places, in consi¬ 
derable quantities from fissures 
in the earth, coming often from 
subterraneous deposits of coal; 
and in the working of coal mines 
it is found pent up in cavities, 
and would appear sometimes to 
be discliarged from the fresh sur¬ 
face of the coal in sensible quan¬ 
tity. Hence, this gas is some¬ 
times described as the inflam- 


- " mnble air of marshes, and the 

fire-damp of mines. It is also the most considerable constituent of 
coal gas, and of the gaseous mixture obtained on passing the vapour 
of alcohol through an ignited porcelain tube. 

Preparation, —‘This gas is obtained by distilling a mixture of 
dried acetate of soda, hydrate of potash and quicklime, in a coated 


• Snch {lystomatio designations as have hiihorto been applied to this and a few 
other hydrides of carbon have not in general been clear, and involve the serious error 
of representing the carbon as the negative clement. 
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glass retort. Pour ounces of cr. acetate of soda may be dned on a 
sand-bath till anhydrous; the salt is then reduced to powdor, and 
intimately mixed with four ounces of sticks of caustic potash and 
six ounces of quicklimcj both well pounded. A Plorenee oil flosk^ 
or other flask of hard glass^ is coated with a mortar composed of a 
mixture of Paris-plaster, and half its w'cight of sand and coal-ashes, 
A (fig, 120); and provided with a perforated cork and bent tube B, 


Fra. 120. 



one extremity of which should descend three or four inches in the 
neck of the flask. The materials above being introduced into the 
flask, the latter is placed in an open charcoal furnace C, and strongly 
heated. The gas comes off, and may be collected in jars over the 
pneumatic trough, or received in a gas-holder D filled with water. 

Properties .—Tlie observed density of protocarburetted hydrogen 
is 559.6; it is composed of 4 volumes carbon vapour, and 8 volumes 
hydrogen, condensed into 4 volumes, which arc the combining mea¬ 
sure of this gas. Hence its specific gravity is by calculation— 

. 416 X 4 + 69.26 x 8 e e r 

- - -=554.0. 

It is inodorous, neutral, respirable when mixed with air, not more 
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isoluble in water than pure hydrogen, and has never been liquefied. 
This carburetted hydrogen requires twice its bulk of oxygen to bum 
it completely, and affords water and an equal bulk of carbonic acid. 
The oxidation of this gas mixed with oxygen is not determined, at 
the temperature of the air, by spongy platinum or platinum black. 
In air it bums, when lighted, with a strong yellow flame. It is a 
compound of considerable stability, but is decomposed in part when 
sent through a tube heated to whiteness, and resolved into carbon 
and hydrogen. This gas is not affected in the dark by chlorine, but 
when the mixture of these gases, in a moist state, is exposed to light, 
carbonic and hydrochloric acid gases are produced. 

Although instantly kindled by flame, protocarburetted hydrogen 
requires a high temperature to ignite it. Hydrogen, hydrosulphuric 
acid gas, and olefiant gas, and carbonic oxide, are all ignited by a 
glass rod heated to low redness, but glass must be heated to bright 
rednt»s or to whiteness, to inflame this gas. Sir H. Davy discovered 
that flame could not be communicated to an explosive mixture of 
the gas of mines and air, through a narrow tube, because the cooling 
influence of the sides of the tube prevented the gaseous mixture 
contained in it from ever rising to the high temperature of ignition. 
A metallic tube had a greater cooling property, from its high con¬ 
ducting power, and consequently obstructed to a greater degree the 
passage of flame, than a similar tube of glass; and even the meshes 
of metallic wire-gauze, when they did not exceed a certain magni¬ 
tude, were found to be impermeable by flame. Experiments of this 
kind may be made upon coal-gas, the flame of which will be found 
incapable of passing through a sheet of iron-wire trellis, containing 
not less than 400 holes in the square inch. If the gas be allowed 
to pass through the trellis, and kindled above it, the flame, it will 
be found, does not return through the apertures to the jet whence 
the gas issues. Upon these observations. Sir H. Davy founded his 
invaluable invention of the Safety-lamp,—an instrument now indis¬ 
pensable to the safe working of the most extensive and valuable of 
our coal-fields. 

Safety-lamp .—As left by Davy, this is simply an oil lamp, enclosed 
in a cage of wire-gauze, the upper part of which is double (fig. 121). 
Mr. Buddie used iron-mre gauze for the lamp, containing from 784 
to 800 holes in the square inch. A crooked wire, wliich works 
tightly in a narrow tube passing upwards through the body of the 
lamp, affords the means of trimming the wick, without undoing the 
• wire-gauze cover of the lamp. When the lamp is carried into on 



S78 


CARBON. 


Fig. 121. atmosphere charged with fire-damp, ft blue flame is 
observed within the gauze cylinder, from the combus¬ 
tion of the gas, and the flame in the centre of the 
lamp may be extinguished. The miner should then 
withdraw, for althougli the gauze has often been 
observed to become red-hot, without inflaming the 
external explosive atmosphere, yet the texture of the 
gauze may be destroyed, if retained long at so liigh a 
temperature. It has always been known, since this 
lamp was first proposed, that when it is exposed to a 
strong current of the explosive mixture, the flame 
may pass too quickly through the apertures of the 
gauze to be cooled below the point of ignition, and, 
therefore, communicate with the external atmosphere. 
But this is easily prevented by protecting the lamp 
from the draught, and an accident from this cause is 
not likely to occur in a coal mine.* 

This carburetted hydrogen does not explode when mixed with air 
in a proportion much above or bclow-^ the quantity necessary for its 
complete combustion. AVith 3 or 4 times its volume of air it docs 
not explode at all, with or 6 volumes of air it detonates feebly, 
and with 7 to 8 most powerfully. With 14 volumes of air, the 
mixture is still explosive, but with larger proportions of air, the ga.s 
only burns about the flame of the taper. The large quantity of air 
which is then mixed with the gas absorbs so much heat as to prevent 
the temperature of the gaseous atmosphere from rising to the point 
of ignition. 

Coal fjaa .—The products of the distillation of coal in an iron 
retort are of three kinds : a black oily liquid, of a heterogeneous 
nature, known as coal-tar; a watery fluid, known as the ammoriiacal 
liquor, and the clastic fluids which form coal-gas. To purify the 
gas, it is cooled by transmitting it through iron tubes or shallow 
boxes, in which it deposits some condensible matter; and it is after¬ 
wards exposed to milk of lime, to absorb hydrosulphuric acid gas, 
which it invariably contains, and frequently afterwards to dilute sul¬ 
phuric acid or a solution of sulphate of iron, wliich arrests a little 
hydrosulphate of ammonia and a trace of hydrocyanic acid. The 


* For tuldilional infomiatinn respecting the sftfety.lamp, the reader is referred to 
Davy’s Essay on Flame, io Dr. Paris’s Life, and Dr. J. Davy’s Life of Sir H. Davy, and 
to the Report of the Parliamentary Committee on Accidents in Mines, 1836. 
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hydrate of lime’ is often applied in the state of a damp powder, and 
not diffused through water. 

The process may be illustrated by the arrangement represented in 
fig. 122. The e-oal to be distilled is contained in an iron or stone- 


Fig. 122. 



ware retort A, which should not be more than half filled if the coal is 
of a bituminous quality, and is heated by a small charcoal furnace. 
Tar and a watery fluid containing ammonia condense in B, which re¬ 
presents the condenser. The gas passes on to C, a glass jar, with 
stages of wire-gauze supporting slaked lime, and forming a lime- 
purifier. The gas is then conveyed by the tube into the bell-jar 
E, filled with water, and inverted over another glass jar D, serving as 
a water-tank. The jar E, which represents the gasometer, is connected 
by a string passing over two pulleysf above, with an iron weight which 
balances it. When the gasometer rises and is full, the gas may be 
allowed to escape by the tube E and the jet and stopcock at the side, 
by removing or diminishing the counterpoise to the jar E. 





880 


^ CARBON. 


Dr, Henry obtained the following results from an examination 
of the gas from the best caimel coal, at different periods of the 
disliUatiou:— 


COAL GAS IN 100 VOLUMES. 


• 

Density. 

Oledant 

gas. 


Carbonic 

oxide. 

Hydrogen 

Nitrogen. 

At beginning of 
process . . 

650 

13 

82.3 

3.2 

0 

1.3 

After fire hours 

500 

7 

56 

11 

21.3 

4.7 

After ten hours 

345 

. 

0 

20 

10 

60 

10 


Besides the constituents mentioned, coal-gas, when first made, 
contains small quantities of 

Ammonia, Hydrocyanic acid, 

Hydrosulphuric acid. Bisulphide of carbon. 

Carbonic acid. Naphtha vapour.* 

AU of these bodies are separated from it in the process of purifica¬ 
tion, except the two last, namely, naphtha vapour, which is the chief 
dhuse of the odour of coal-gas, and bisulphide of carbon, wliich 
affords a little sulphurous acid when the gas is burned. The hetero¬ 
geneous nature of the gaseous mixture is well shown upon intro¬ 
ducing a quantity of dry iodine into a bottle of coal-gas, when several 
liquid and solid compounds of iodine are formed with tlie different 
carbohydrogens present. Iodine, on the other hand, is not affected 
in the slightest degree by fire-damp, but remains with its metallic 
lustre unchanged in that gas. Indeed, in the ordinary fire-damp 
no other combustible gas whatever can be found, besides protocar- 
buretted hydrogen (Mem. of Chcra. Soc. iii. 7). 

The superiority of coal-gas, in illuminating power, depends prin¬ 
cipally upon the high proportion of olefiant gas and the denser 
carbohydrogens which it contains. The free hydrogen and carbonic 
oxide present give no light, and are positively injurious. As the 
highly illuminating constituents are dense, and contain much carbon, 
the value of coal-gas is to a certain extent proportional to its density, 
and to the quantity of oxygen which it requires for complete com¬ 
bustion. In the analysis of coal-gas, the different gases may thus be 
separated: 1st. Olefiant gas, naphtha vapour, and similar carbo- 

• Dr. Henry’s Papers on Coal-Gas arc contained in the Phil. Trans, for 1808, 1820, 
and 1824. 
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hydrogens, by mixing the gas over water, in a dark place, with 
half its bulk of chlorine, and afterwards washing with caustic 
potash; or, by introducing a small pellet of coke charged with 
fuming sulphuric acid and attached to a platinum wire, into the 
gaseous mixture, over mercury, and afterwards absorbing the acid 
vapour by a fragment of hydrate of potash; 2dly, carbonic oxide, 
by potassium gently heated in the gas; 3dly, the proportion of 
protocarburetted hydrogen gas may be determined by detonating 
the mixture over mercury, in an eudiometer (fig. 106, page 331), 
with a measured quantity of oxygen, and ascertaining the quantity 
of carbonic acid formed, which retains the volume of this carbu- 
retted hydrogen; 4tlily, the free hydrogen, by observing the quantity 
of oxygen remaining, by means of a stick of phosphorus introduced 
into the gas, and thereby ascertaining the quantity of oxygen con¬ 
sumed in the last combustion; from this quantity deduct twice 
the measure of the carburetted hydrogen found, and half the 
remaining measure of consumed oxygen represents the hydrogen; 
5th, the residuary gas after these processes is the nitrogen of the coal 
gas.* 

Structure of flame .—The quantity of light obtained from the 
combustion of coal-gas depends entirely upon the manner in which 

• The tubes and eudiometers for measuring gases require to be very minutely graduated: 
this is attniiicd with peculiar accuracy and facility by the method recommended by 
Professor Buusen. Hia instrument for graduating glass tubes (fig. 123) consists of a ma¬ 
hogany board A. 5$ feet long, 7 inches wide, and f of an inch thick. In the middle of 
this board is a groove estending its whole length, 1 inch wide, 1 inch deep, and rounded 
at bottom os a bed for the reception of the tube. At one part, 5 inches from the end, is 
placed a brass plate fi, feet long and 2 inches wide, in such a position that when 
screwed down its edge comes onc-half over the groove. It is furnished with four screw- 
nnts, passing through slits in the plate, a quarter of an inch long, so os to allow a certain 
advoncement or withdrawal of the plate at pleasure. 


Fig. 123. 



sii 


i 



1 


4 i .;t' I 


C and D ore two similar plates, placed at the other end of the wooden^oard, C having 
the same amount of motion as B, and being precisely similar in every respect. D is a 
brass plate of the same dimensions as B and C, which is cut, at intervals of five millimeters, 
into notches, every alternate one being one-twentieth and one-tenth of an inch deep. 
There is also a wooden rod £, 3 fcot long, 1 inch broad, and half an inch thick. This is 
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it is burned, which will appear from the consideration of the struc¬ 
ture of luminous flames. The flame of a spirit-lamp, candle, or gas- 
jet, is hollow, as may be observed by depressing a sheet of wire trellis 
upon it, which gives a section of the flame ; the seat of 
the combustion being the margin of the flame, where 
alone the combustible vapour is in contact with the 
air. Of volatile carbonaceous combustibles, the flame 
consists of three parts, which are represented in section 
(fig. 125) 

A, cone of vapourized combustible. 

B, sphere of partial combustion, 
c, sphere of complete combustion. 

In B, where the supply of air is insufficient for complete combustion, 
it is the hydrogen principally which burns, the carbon being liberated 
in solid particles, which are heated white-hot from the combustion of 

provided with two steel points, placed by screws at half an inch from either end. One 
of these, F, is in the form of a knife, the oiher, G, of a bradawl; a screw-driver is also 
provided, that these points may be attached or removed at pleasure. 

When a tube is to be graduated, it is covered with a thin layer of melted wa.x and tur¬ 
pentine, by means of a camel’s hair pencil, and is laid in the groove between C and D, 
which are then screwed down in their places, so as to retain the tube iinniy in its position. 

Fig 124 ^ standard tube, previously mathematically divided into milli¬ 

meters, (the most convenient division,} is now placed in the 
groove under B, (fig. 124) which is then screwed upon it. The 
rod, £, is now used, the jiointcd steel, G, being put into one of 
the millimeter marks on the standard tube ; the knife jraiiit, F, falls upon the waxed tube, 
and is made to produce a line upon it, the length of which is regulated by the distance 
between the edges of the brass plates C and D. The pointed steel is now removed back 
one millimeter on the standard tube, and the corresponding mark made on the waxed one ; 
and thus we proceed until the whole of the waxed tube is divided into millimeters. The 
object of the notches is, that a longer mark may he made at every five millimeters, and a 
still longer one at every ten, in order to aid the eye in reading. The waxed tube is now 
removed to a leaden trough containing ponnded iluor spar and sulplinric acid, slightly 
heated, which etches it more successfully than a solution of hydrofluoric acid. Previously, 
bow'cvcr, to being etched, it is desirable to figure the number of millimeters at the space 
of every ten ; and this is conveniently done by the steel pointer G, after being removed 
from the rod E. The tnhe is rubbed with vermilion powder when in use, to make the 
graduation more legible. 

We have thus an accurate mea.surc of length etched npon the tube, which should 
lie one of pretty nnifonn calibre. The next point is to determine the tme value of 
each of the divisional marks: this is done by calibrating it throughout all its length by 
small portions of mercury,—say equal in bulk to five grains of water. By this means the 
relative value of each mark is determined, and the proportion which it bears to any 
given standard. The only possible error is in the assumption that the tube is of even 
calibre within the space occupied by one measure of nicrcuiy ; but the quantity of this 
added is so aiuall, that any such error becomes quite inappreciable. The convenience of 


Fig. 125. 
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that gas. The sphere b, indeed^ is the luminous portion of the 
flame, for the light depends entirely upon the deposition of carbon, 
arising from the consecutive combustion of the two elements of the 
vapour. Gaseous bodies, however strongly heated, emit no light, or 
at most not more than a sensible glow, and luminous flame has 
justly been described by Davy as always containing solid matter 
heated to whiteness. The same sphere of the flame, possessing 
an excess of combustible matter at a high temperature, takes oxygen 
from metallic oxides, such as arsenious acid, placed in it, and de- 
velopes their metals. It is, tlierefore, often referred to as the 
deoxidizing or reducing flame. In the external hollow cone, c, the 
deposited carbon meets with oxygen, and is entirely consumed. The 
hottest point in the whole flame is wdthin tliis sjihere, near the summit 
of B. This part of the flame, possessing an excess of oxygen at a 
liigh temperature, is the proper place for kindling a combustible, and 
is called the oxidizing flame : its properties are the opposite of those 
of B. 

When coal-gas is mingled with an equal bulk of air before being 
burned, it is found to lose half its illuminating power. It may be 
conveniently mixed with a quantity of air suflicient for its complete 
combustion, by placing over an argand burner, a brass chimney of 5 
inches in height provided with a cap of wire-gauze; when kindled 
above the wire-gauze, the gas burns wdth a blue flame, not more 
luminous than that of sulj)hur. The Ihune is so feebly luminous 
because no dc})osition of carbon occurs in it. The quantity of heat 
is the same, whether the gas is burned so as to produce much 
or little light; and where the gas is burned for heat, this mode of 
combustion has the advantage of giving a flame without smoke. The 

this graduator is so great, that a long tube m.iy be bcaiitirully divided in the course of an 
hour. The standard tube should be made of glass, but the original divisions from which 
his standard is taken may be those of n measure of wood or any other material. 

The tubes recommended by Bunsen .nre IS or 19 inches in length, about 0.6 inch in 
internal, and 0.8 inch in external diameter. One of these is converted into a eudiometer, 
in which the gases arc exploded, by inserting near the closed cud, by fusion, two platinum 
wires of the thickucss of hoi'sc-hair, for the purpose of passing the electric spark. During 
the explosion the open end of the tube is pressed firmly upon a smooth pod of caoutchouc, 
placed under the mercury at the bottom of the pneumatic trough. The graduation of these 
tabes being linear, enables the observer to read off the dificrcnce in height between the 
mercury in the tube and trough, and to make the necessary correction on the volume 
measured : all exact experiments on gaseous volumes must be made over mercury. This 
department of chemical analysis has been brought to a high degree of accuracy and per¬ 
fection by VrofesBor Bunsen. Sec Reports of the Bnliah Asaoe'utiion^ 1845, jiage 148; 
and Liebig and Voggeadorff*a Hmdtmrterbuch dor Cbemie, ii. 1053. 
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heat derived from coal-gas burned in this manner is not, however, so 
intense as that of an argand spirit-lamp. 

A result of the circumstances which determine the quantity of 
light from different flames is, that the larger the flame till it begins 
to be smoky, the greater the proportion of light obtained from the 
consumption of the same quantity of gas. Tt was observed that an 
argand burner, supplied with 1^ cubic feet of gas per hour, gave as 
much light as a single candle; with 2 cubic feet per hour the light 
was equal to 4 candles, and with 3 cubic feet to 10 candles. Hence 
argands, bat-wings, and other burners, in which a considerable quan¬ 
tity of gas is burned together, are more economical than plain jets. 
The brightness of ordinary flame, which depends essentially upon the 
consecutive combustion of hydrogen and carbon, is increased by 
everything which promotes the rapidity and intensity of the combus¬ 
tion, without deranging the order of oxidation, such as a rapid supply 
of air, and the substitution of pure oxygen for air, as in Gurney's 
Bude Light. Not only is there then more light, because there is 
more combustion in the same time, but the temperature of the flame 
being greater, the luminous carbon is also heated to a liigher degree 
of whiteness. 


BICARBURErfEU HYDROGEN. 

Syn. Olejicuit ffctitf Elayle; Eq. 28 or 350 ; ; 

density 985.2; j | 


Tliis gas was discovered in 1796, by certain associated Dutch che¬ 
mists, who gave it the name of olefiant gas, because it forms with 
chlorine a compound having the appearance of oil. It is usually 
prepared by heating together 1 measure of spirits of wine with 3 
measures of oil of vitriol, in a capacious retort, till the liquid becomes 
black and efiervescence begins, and maintaining it at that particular 
temperature. It is collected over water, which deprives it of a por¬ 
tion of ether vapour and sulphurous acid, with which it is accompanied. 

A process which yields a purer gas, and in larger volume, is the 
following. Twenty-eight ounces of water are added to twice their 
volume of oil of vitriol, in a large globular flask A, (fig. 124) which 
gives an acid of about 1.6 density when cool. Without waiting to 
cq&l, however, 24 ounce measures of spirits of wine are added, and 
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the whole allowed to stand for a night. Tlie flask is supported on a 
bed of pumice over the gas-flame as already described (page 354), and 


Fig. 124. 



the latter regulated so as to keep the liquid in a state of moderate 
ebullition. The gas evolved is passed through two two-pound bottles, 
B and C, the first of wdiich, B, is empiy, or contains only a little water 
at the begnning, and is intended for the condensation of a considerable 
portion of alcohol and ether which distil over, while C is half filled 
with a strong solution of caustic potash, to absorb the sulphurous and 
carbonic acids produced, ddicse two wash-bottles are immersed in 
jars containing cold w'ater. The third wash-bottle, D, contains oil 
of vitriol, and the U tube E, pumice soaked in the same fluid to 
absorb ether vapour ; udiile the gas is collected at last in bottles, F, 
over water made sensibly alkaline by caustic potash. 

This gas is formed by a peculiar decomposition of alcohol, in con¬ 
tact with sulphuric acid boiling at 325°, or a little higher, in wdiich 
the alcohol is resolved into olefiant gas and water, C4H5 02=04114 
and 2110. This decomposition will be referred to again more par¬ 
ticularly under the head of alcohol. 

Bicarburetted hydrogen gas contmns 2 volumes of carbon vapour 
and 2 volumes of hydrogen condensed into 1 volume, and is theo¬ 
retically of the same density as nitrogen and carbonic oxide, or four¬ 
teen times heavier than hydrogen. It was condensed by cold and 
pressure into a transparent liquid, wldch is not solidifiable (page 72). 
This gas, when carefully deprived of ether, has a sweet odour, which is 
peculiar but not strong. Water absorbs about one-eighth of its 
volume of this gas; alcohol takes up 2 volumes, oil of turpentine 2.5, 

2 c , 
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and olive oil 1 volume. It is absorbed by fuming sulphuric acid, 
and by the percbloride of antimony, forming peculiar compounds. 
The substances named leave certain gaseous impurities uncondenscd, 
which often amount to 15 or 20 per cent., and appear to be principally 
protocarburetted hydrogen. The gas of the process described above 
is entirely absorbed by the percbloride of antimony, except about 
4 per cent.; but it appears to contain the vapour of some denser 
carbohydrogen, not absorbed by oil of vitriol, as the specific gravity 
of the gas so prepared is often as high ns that of air, or 1000, instead 
of 985.2 as observed by Saussurc. 

This gas burns with a white flame, which is much more brilliant 
thau that of protocarburetted hydrogen. It requires three times its 
volume of oxygen to burn it completcdy, and yields twice its volume 
of carbonic acid gas and twice its volume of aqueous vapour ; for 1 
volume of bicarburetted hydrogen contains 2 volumes of carbon 
vapour, each of which requires 1 volume oxygen and becomes 1 
volume carbonic acid, aiid 2 volumes liydrogcai, each of which re{|uircs 

volume oxygen and forms 1 volume steam. This gfis is entirely 
decomposed, when passed through a i)orcclain tube at a white heat, 
into carbon, which is deposited, and twice its volume of hydro¬ 
gen gas. 

Bicarburetted hydrogen mixed with twice its volume of chlorine 
gas is condensed, and forms a li(]nid compound of an oily consistence, 
C4 H4 Clg, from w^hich it was named olefiant gas, or the oil-making 
gas, and Elayle (from tXaioy and wXij, the source of an oil,) by 
Berzelius. This substance, which is also known sis Dutch liquid, will 
be described under the derivatives of alcohol. 


OAS OF OIL. 

Bicarltiretted hydroyen of Faraday ; Ey. 56 or 700 j Calls; 

density 1926.4; j | I 

— ■ ■ ■■ ■■ c 

This gas, which is twice as condensed as olefiant gas, is one of the 
products of the decomposition of the fixed oils by heat, and exists, 
therefore, in the gas prepared from oil. It is liquefied when oil gas 
is greatly compressed, and also by a cold of 0° F. The flame of this 
gas is very brilliant; it is only sparingly soluble in water, but pretty 
soluble in alcohol and the fat oils; sulphuric acid dissolves a 
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iinndred times its YdlRime. It combines with an equal volume of 
chlorine^ and forms a liquid compound having some analogy to 
Dutch liquid. 

This gas requires 6 volumes of oxygen to bum it, and gives rise to 
water and 4 volumes of carbonic acid. 


CARBON AND NITROGEN-CYANOGEN. 

Eq. 26 or 325 j NCg; demity 1819 ; 


This compound is a gas, which was first obtained by Gay-Lussac 
in 1815. It is prepared by heating the cyanide of mercury in a 
small glass retort, and is collected at the mercurial trough. The 
cyanide is resolved into running mercury and cyanogen gas, and 
frequently leaves a black coaly mass in the retort, which Professor 
Johnston has shown to consist of carbon and nitrogen, in the same 
proportions as the gas itself. 

Cyanogen gas contains 4 volumes of carbon vapour and 2 volumes 
of nitrogen, condensed into 2 volumes; its density is 1819, When 
this gas is exploded with twice its volume of oxygen, it affords 2 
volumes of carbonic acid gas, and 1 volume of nitrogen; an ex¬ 
periment from which its composition may be deduced. Water at 60° 
absorbs 4.5 times its volume of this gas, and alcohol 23 volumes. 
Dy a pressure of 3.6 atmospheres at 45°, cyanogen is condensed into 
a limpid liciuid, which evaporates s^iii on removal of the pressure. 
Cyanogen bums with a beautiful purple llamc in air or oxygen. 
The solution of cyanogen in water undergoes spontaneous decompo- 
sition. By alkalies the gas is absorbed, and a cyanide and cyanate 
formed. 

Carbon does not burn when heated in nitrogen gas, and appears to 
be incapable of uniting with that element when alone, or unless when 
assisted by the presence of a third body, such as potassium, which 
unites with and gives stability to the compound. Cyanogen is thus 
produced when nitrogen is sent over fragments of charcoal saturated 
with potash, heated wliite-hot in a porcelain tube placed across a 
furnace, and obtained as cyanide of potassium. A peculiar form of 
furnace, in which this remarkable process is conducted on a large 
scale at Newcastle, with considerable success, is described by Mr. 
Bramwell (Repertory of Inventions, ix. 280). It consists essentially 
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>’ 10 . 125. of a vertical liul^in brickwork ABD, 

^ (fig. 125), contuiaing charcoal charged 

re_ with a solution of carbonaio of potash, 

iPjC the middle portion of which, B, is placed 

g| within the line of the adjoining furnace 

gj— -- 7 2 2 , by whicli it is heated intensely, and 

y ^ obtains a supply of nitrogen, which 

i w ! enters ABD bv a nuinbcr of small 

-1 ^ ^ ^ _ openings into the external flue. The 

j i _L passage of gases upwards through the 

1 i * potiish-cliarcoal is further juomoted by 

j 1" I action of air-pumps connected with 

^ I tire tubes G and H. The materials are 

( 1 ’ i introduced at the top on l emoving a lid 

V s after descending through the 

I I r I "I j allowed to fall into a cistern of 

—Li —i L water F, in whicli the cyanide of po¬ 

tassium is found dissolved. The pijies I and J dip into water, to 
intercept ammonia or any other volatile product. 

Cyanogen is a salt-radical, and unites with all the metals, as 
chlorine and iodine do, forming a class of cyanides. It also combines 
with hydrogen and forms a hydrogen-aeiil, namely, hydrocyanic or 
prussic acid. Cyanogen properly belongs to organic chemistry, in 
which department its numerous combinations will be considered. 

Mellon^ N.J C^j.—This is another salt-radical, and was formed by 
Liebig by heating the bisulphide of cyanogen in a glass Hfisk to 
redness, when it is resolved into sulpliiir, bisulphide of carbon, and 
mcllon. It is a lemon yellow powder, insoluble in water and uleoliol; 
it unites directly with hydrogen and with potassium, fonuing hydro- 
mellonic acid, a hydrogcn-acid, and mcllonide of potassium, a saline 
body.. 


tassium is found dissolved. 


SECTION V. 

BORON. ' 

Eq. 10.0 or 136.2 ; B; devnity of vapour (hypothetical) 

751; m . 

Boron is an element having some analogy' to carbon, but sparingly 
diflused in nature. It is never found, except in combination with 
oxygen as boracic acid, of which the salt of soda has long been 
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brought to Europe from India in a crude state, under the name of 
tinkal, and termed borax when purified. The impure borax or tiukal 
forms a saline incrustation in the beds of certUn small lakes in an 
upper province of Thibet, which dry up during summer. But the 
most cousiderablc of the present sources of boracic acid are the hot 
liigooiis of a district in Tuscany, which are charged with the free 
acid, from the condensation in them of vapours of a volcanic origin. 
Boracic acid is likewise found in the hot springs of Lipari. It is a 
constituent also of several minerals, of which datolitc and boracite 
arc the most remarkable. Boron was first discovered by Sir 11. Davy 
in 1807, by exjjosing boracic acid to the action of a powerful voltaic 
battery, and was aflerw ards obtained by Gay-Lussac and Thenard in 
greater quantity, by heating boracic acid with potassium. 

PrrjKiration .—Boron is prepared witli greatest advantage from a 
combination of lluoride of boron and fluoride of potassium, which is 
obtained on saturating hydrofluoric acid with boracic acid, and after¬ 
wards adding to it, drop by drop, the fluoride of potassium. This 
com[)ound, which is of slight solubility, is collected on a filter, and 
dried at an elevated temperature, but which should not reach a red 
heat. Equal weights of the compound fftid of potassium are mixed 
together in a cylinder or tube of iron, closed at one end, wdiich is 
gently li(;atcd, and tlie mixture stirred witli an iron rod, till the 
potassium is melted. Heated afterwards more strongly by a spirit- 
lamp, the mass evolves heat, and becomes red-hot; the potassium 
combines with the fluorine, and a mixture is obtained of boron and 
the fluoride of jxitassiuni. On treating this with water, the fluoride 
of potassium dissolves, and the boron remains alone. In wasliing it 
farther, instead "ofquire water, which causes the oxidation of boron, a 
solution of sal ammoniac should be employed, which does not act 
upon that body, and the sal ammoniac remaining in the boron may 
bo taken nji by alcohol. 

Pfoitrrtie.'i .—Tluis prepared, boron is obtained in the form of a 
greenish brown powder, without the metallic lustre, which becomes 
hard and assumes a tlccper colour, when ignited' in vacuo, or in gases 
which do*^ not combine with it, but undergoes no farther change. 
Heated in atmospheric air or oxygen it burns with a vivid light, 
scintillating poMerfnlly, and forms boracic acid. Nitric acid and 
many other substances also oxidate it easily, and always produce 
that compound. Fused with carbonate of potash, it decomposes the 
carbonic acid, and gives borate of potash, carbon being liberated. 
Boron is not known to possess any other degree of oxidation. Boron 
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combines with sulphur, with the disengagement of light, when heated 
in the vapour of that substance ; and it takes fire spontaneously in 
clilorine, and fonnl^a gaseous chloride of boron, of which the formula 
is BCI3, and the density 3942 by observation and 4035 by calcula¬ 
tion* This gas is composed of 2 vols. of boron vapour and 6 of 
clilorine, condensed into 4 vols., which are its combining measure. 
It may likewise be formed by transmitting chlorine gas over a mix¬ 
ture of boracic acid and charcoal, ignited in a porcelain tube. A 
corresponding fluoride of boron is evolved from boracic acid, ignited 
with the fluoride of calcium or fluor-spar, with the formation of 
borate of lime. The density of this fluoride is 2312.4. Both of 
these gases are decomposed by water, boracic acid being formed with 
hydrochloric or hydrofluoric acid. 

Boraci& or Boric acid .—This acid is prepared by dissolving tbe 
salt borax at 212° in two and a half times its weight of water, and 
adding enough of hydrochloric acid to make the liquid strongly acid 
to test paper. Chloride of sodium is formed, wliich continues in 
solution, while the boracic acid separates in tliiu shining crystsdliiie 
plates, on cooling. Tliese plates are drained, and being sparingly 
soluble, may be washed with a little cold water, and afterwards redis¬ 
solved in boiling water, and made to crystallize anew. Tused at a 
red heat in a platinum crucible, these plates give the vitrified acid, 
of wliich the density is 1*83. Boracic acid has a weak taste, which is 
scarcely acid, and it affects blue litmus like carbonic acid, imparting to 
it a wiiie-rcd tint, and not that clear red, free from purple, which the 
stronger acids produce. It renders yellow turmeric paper, brown, like 
the alkalies. The acid of the carbonatc.s, however, is displaced by 
boracic acid in the cold, and at a red heat this aci'd clccomposes even 
the sulphates, from its comparative fixity. The crystals of boracic acid 
are a hydrate, and contain 3 equivalents of water, of which the formula 
is IIO.BO3 + 2HO. At 60° it requires 25.66 times its weight of 
water to dissolve it, but only 2.97 times at 212.° With the assist¬ 
ance of the vapour of water, it i.s slightly volatile, but alone it is 
more fixed, and fuscS, under a red heat, into a transjiarent glass. At 
the white heat of our furnaces boracic acid does not boil; but the 
tension of its vapour is so considerable at that temperature that it 
evaporates entirely away in the end. The hydrated acid dissolves 
in alcohol, and the solution bums with a flhe green flame. It com¬ 
municates fusibility to many substances in uniting with them, and 

generally torms a ghiss. On tliis account borax is much used as a 
flux. 
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Borates .—Boragic acid is remarkable for the variety of propor¬ 
tions in wliich it unites with alkalies; all these borates have an 
alkaline reaction like the carbonates. The relative proportions of 
oxygen and boron in boracic acid are known, but the number of 
equivalents of these elements in this acid is not so certain. Dumas 
inferred from the density of the chloride that it is a tcrchloride, and 
boracic acid, which corresponds, will therefore consist of 3 cq. of 
oxygen to 1 eq. of boroji, and its formula be BOg. This makes borax 
the biborate of soda. 


SECTION VI. 

SILICON on SILICIUM. 

A’y. iJl.35 or 203*82; Si; density of vapour (hypothetical) 

1175; QJ 

Silica or siliceous earth, the oxide of the jnesent clement, is the 
most abundant of all the matters which compose the crust of the 
globe. It constitutes sand, the varieties of sand-stoiic and quartz 
rock, and enters into felspar, mica, and a great vaiicty of minerals, 
which form tlic basis of oilier rocks. 

Preparation .—Silica may be decomposed by heating it with 
potassium, which deprives it of oxygen ; but a better process for ob¬ 
taining silicon is to heat the double lluoride of silicon and potassiuni, 
with 8 or 9-l()ths of its weight of potassimii, with the same precau¬ 
tions us in the priqiaration of boron. The materials, however, in 
this case may be heated in a glass tube, us well as in an iron cylinder. 
I’he double tluoride employed is prepared by neutralizing Ikiosilieie 
acid with jmtash. A diH'orent process is suggested by Berzelius, 
whieli consists in healing poiassiiim in a tube of hard glass with a 
small bulb blowni upon it, which is tilled with the vapour of the 
lluoride of silicon, sujiplied from the ebullition of that luiuid cou- 
tainud in a small retort connected with the glass tube. The potas¬ 
sium burns in this vapour, atul at the cud, silicon is found, with 
lluoride of potassium, iii the place .of the metsd (Traitd, t. 1, p. 307). 
But the silicon from aU tffese processes is alw'ays in combination with 
a little potassium, and mixed with a little lluoride of silicon ‘Aud 
potassium unreduced. Hence, on applying cold water to the mass, 
hydrogen gas is disengaged, and potash formed, and the silicon 



392 


SILICON OR SILICIUM. 


separates. The potash thus protluced can, with tjie aid of hot water, 
dissolve the silicon, which then oxidates and hecomes silica, so that 
cold water only must be employed to wash the silicon, which may be 
thrown upon a filter. After a time, the liquid which passes has an 
acid reaction, which arises from its dissolving an acid double fluoride 
of silicon and potassium, of spsuing solubility, which has escaped 
decomposition, and is mixed witli the silicon. Tlie washing is con¬ 
tinued so long as the water tiissolves anything. 

Properiies .—^The silicon which is thus obtained is, in its pure 
shite, a dull brown powder, w'hicli soils the fingers, and wdien heated 
in air or oxygen, inflames and bums, but is never more than partially 
converted into silica. It may bo ignited strongly in a covered 
crucible without loss, and then shrinks in dimensions, acquires a 
deep chocolate colour, and becomes so dense as to sink in oil of 
vitriol. By this ignition the properties of silicon are altered to a 
degree which is very remarkable in a simple substance. It w'as pre¬ 
viously readily soluble in hydrofluoric acid, with evolution of hy¬ 
drogen, and ill caustic potasli, but it is now^ no longer acted upon by 
that or any other acid, nor by alkalies. The ignited silicon also 
refuses to burn in air or oxygen, even wiien intensely heated by the 
blowpipe flame. Charcoal, it will be remembered, is more dense and 
less combustible after being strongly heated \ but that substance is 
not altered by heat to the same extent as silicon. Mixed and 
heated with dry carbonate of potash, silicon in any condition is oxi¬ 
dated completely, its action upon the carbonic acid of the salt being 
'attended with ignition, and carbon liberated. Silicon burns when 
heated in sulphur vapour, and forms a sulphide, which w'atcr dis¬ 
solves, but decomjioses at the same time, hydrosulpliuric acid and 
silica being produced, and the last, notwithstanding its usiud insolu¬ 
bility, retained in solution. Silicon likewise burn.s in chlorine; and 
tlie chloride of silicon may be otherwise formed by traiLsmitting 
chlorine over a mixture of charcoal and silica ignited in a porcelain 
tube. The silica is decomposed by neither charcoal nor chlorine 
singly, but acting together upon the silica, these bodies produce car¬ 
bonic oxide and chloride of silicon. This compound is a vola¬ 
tile liquid, of which the formula is Si CI3; that of the sulphide of 


silicon Si S3. 

a 

Hilica or Silicic Acid, Si O3.—This eartli, which is the only oxide 


of silicon, constitutes a number of minerals, nearly in a state of pu¬ 
rity, such eis rock-crystal, quart/., flint, sandstone;, tiu; amethyst, cal- 
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cedony, corneliaiij agate, opal, &c. The first chemical examiiLatiou 
of its properties and compounds is due to Bergman. 

Preparation .—Silica may be had very nearly, if not absolutely 
pure, by heating a colourless specimen of rock-crystal to redness and 
tlirowing it into water, after which treatment the mineral may be 
easily pulverii5ed. It is obtained in a state of more minOte division, 
by transmitting the gaseous fluoride of silicon (fluosilicic acid) into 
water; or by the action of acids upon some of the alkaline com¬ 
pounds of silica. Eipial parts of carbonate of potash and carbonate 
of soda may be fused in a platinum crucible, at a temperature which 
is not high; and pounded flint or any other siliceous mineral, thrown 
by little and little into the fused mass, dissolves in it with an efferves¬ 
cence due to the escape of carbonic acid gas. The addition of the 
mineral is continued so long as it determines this cflervescence. The 
mass being allowed to cool, is afterwards dissolved in water acidu¬ 
lated M'ith hydrochloric acid, which takes up the silica as well as the 
alkalies ; the liquor is filtered and then evaporated to dryness. The 
silica may contain a little peroxide of irqn or alumina, to dissolve 
which the saline mass, when ])erfectly dry, is moistened with concen¬ 
trated hydrochloric acid, and after two hours the acid mass is washed 
with hot water. The silica remains undissolved; it may be dried 
well and ignited. 

ProperlicK. — Silica so prepared is a white, tasteless powder, which 
is rough to the touch, and feels gritty between the teeth. It is ex¬ 
tremely mobile wlum heated, {ind is thrown out of a crucible, at a 
high toraperaturt!, by the slightest breath of wind. It is absolutely 
insoluble in water, acids, and most iKpiids. Finely divided silica, how¬ 
ever, decomposes an alkaline carbonate at the boiling point, and is dis¬ 
solved. Its density is jJ.flO. The heat of the strongest wind-furnace 
is not suilicient to fuse silica, but it melts into u limpid colourless 
glass in the flame of the oxihydrogeu blowpipe, and may be drmvn 
out into threads (Girardin). Silica is found frequently crystallized, 
its ordinary form being a six-sided prism texininated by a six-sided 
pyramid, as in rock-crystal. Sometimes the prism is very short or 
disappears entirely, and the pyramid only is seen, as in ordinary 
(piart/i. 

Silicic acid dissolved by acids .—The conditions of the solu- 
■ bility of silicic acid in other acids arc peculiar. Once precipitated, 
whether gelatinous, like boilexl starch, or pulverulent, it is no longer 
in tluj least degree soluble either in water or acids. If to a dilute 
solution of an alkaline silicate, hydrocbloric acid be added slowly and 
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drop by drop, the silicic acid is precipitated in propoFtion as the 
alkali is neutralized. But, on the contrnr}', no silicic acid is precipi¬ 
tated, if strong hydiochloric acid in considerable excess be added all 
at once to the solution of alkaline silicate, or if the latter be poured 
in a gradual manner into hydrochloric acid whether strong or greatly 
diluted with water. It thus appears that silicic acid only dissolves 
in the stronger acids, when presented to them in the nascent states 
or at the moment of leaving another combination. It appears to 
enter into comhination with the acid which dissolves it; for if the 
latter is exactly neutralized by adding a strong solntion of potasb, 
drop by drop, the whole of the silica is precipitated. 

A pure solution of silicic acid in hydrocjjloric acid, free from 
saline matter, is best obtained from the silicate of copper. The 
latter is prepared by precipitating chloride of copper by the solntion 
of an alkabne silicate; washing • the insoluble silicate of copi^er 
wliich falls, by several times mixing it with water and allowing it to 
subside, so as to get rid of the chloride of ])otassiuin present. The 
silicate of copper is then dissolved in hydrochloric acid, tillered, and 
hydrosulphiuic acid gas made to stream through tlie liquid, to pre¬ 
cipitate the copper. The black' insloublc sulpliidc of copper is removed 
by filtration, and a perfectly colourless solution of silicic acid is ob- 
tmned, which may be boiled, to expel the excess of hydrosulpliuric 
acid, without injury. This solution is very acid, and wdicu neutralized 
by amniouia or potash it allows gelatinous silica to precipitate. 

Jlydratea of silicic acid .—When the last solution of silica in 
hydrochloric acid is evaporated in vacuo over fragments of quick¬ 
lime, it deposits the protohydrate of silica SiOa-f IlO, in very thin 
crystalline filaments, grouped in stars, which arc colourless, transpa¬ 
rent, and possessed of considerable lustre. This is also the compo¬ 
sition of the gelatinous silica, precipitated from an alkaliuc silicate, 
when allowed to dry in air. Tlie silica has first the appearance of a 
transparent jelly, which is tenacious, mid cracks on drying, fonning 
a mass like gum. When this hydrate is dried at 212° one half of 
the water escapes, and another definite hydrate 2 Si 03 -p remains 
(Doveri). Another hydrate was obtained, by M. Ebehneu, by the 
spontaneous decoinjiositioii of silicic ether, of wdiicli the composition 
is 2 Si 03 -f dHO. At 370° C. (698° E.), silicic acid does not retain 
more than a trace of water.* 


• Doveri ; ObecrvatwiiB on tlic, Proiwrtics of iiHjco, AhiioIob Uc Ciiim. et dc Tiiys 
Ill. p. 40 ( 1847 ). 
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Hydrofluoric acid has an affinity quite peculiar for silica, decom¬ 
posing it, and carrying olf the silicon, in the form of the volatile 
fluoride of silicon;— 

3Hr and Si 03 =SiF 3 and 3HO. 

The water of springs and wells always contains a little soluble 
silicn, which can only be separated by evaporating the water to dry¬ 
ness. In some mineral waters the proportion of silica is very 
considerable, and it is often associated with an alkaline carbonate, 
which silica is capable of decomposing at the boiling point; as in the 
hot alkaline spring of Reikimi in Iceland, and in the boiling jets of 
the Geyser, which de]j|psit about their crater an incrustation of silica. 
There can be no doubt likewise that much of the crystalline quartz in 
nature, besides all the agates, calcedonies, and siliceous petrifactions, 
have been formed from an aqueou^solution. 

Silicates .—Although silica has no acid reaction, it is certainly 
an aedd, and is indeed capable of displacing the most j»owerful of the 
volatile acids at a high temperature. It is capable of uniting witli 
mehdlic oxides, by way of fusion, in a great variety of proportions. 
Its compounds witli excess of alkali are caustic and soluble, but 
those with an excess of silica are insoluble, and form the varieties of • 
fflass, which will be described under the silicate of soda. With 
alumina it forms the less hisible compounds of porcelain and stone¬ 
ware, which will be noticed under that earth. A large number of 
mineral s[)ecics also are earthy silicates. It seems probable that 
silicic, like phosphoric acid, forms severtd classes of salts, of which 
those containing the largest number of atoms of base are the most 
easily decomposed by acids. At the same time, some allatropic dif¬ 
ference may be suspected betw^eeii the silicic acid itself, as it exists 
in these dillerent classes of salts, such as there is between ignited and 
unignited silicon. 

The formula for silicic acid is not very certainly established. Most 
chemists admit it to be SiOg, or analogous to sulphuric acid SO 3 , 
and then the equivalent of silicon is 266.7. But others adopt the 
formula SiO^, considering silicic acid analogous to carbonic acid 
COj; the equivalent of silicon then becomes 177.3. The last view 
is most ill accordance with the density of silicic ether vapour. On 
the other hand, the composition of two intermediate compounds 
between the chloride of silicon SiCla and the sulphide of silicon 
SiSg, namely, SiSClj and SiSaCl, is most ^simply represented on the 
first view. (Is. Pierre). 
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SULPHUR. 

Eq. 16 or 200; S; at 900°, dettnity of vapour 6034, and com¬ 
bining measure l-3r^ volume i at 1800°, density about one-third 
of above f and combining measure 1 volume \ ( . 

Tliis-element is exluilcd in large quantity from volcanoes, either in 
a pure state or in combination with hydrogen, and by condensing in 
fissures forms sulphur veins, from which the greater part of the sul¬ 
phur of commerce is derived.* It exists also in combination with 
many metals, as iron, lead, copper, zinc, &c.; and is sometimes 
extracted from iron jiyrites or bisulpliidc of iron. Sulphur is 
classed with oxygen; and the higher suljdiiSes resemble peroxides 
in losing a portion of their sul[>hur, as some of the latter lose 
a portion of their oxygen, when strongly heated. Sidpliur is like¬ 
wise extensively dilfused, as a constiiuent of the sulphuric acid, in 
gypsum and other native sulpliates. This element also enters into the 
organic kingdom, being in\ ariably associated in minute quantity with 
albuminous or protein compounds. 

Properties. — Sulphur is found in commerce in rolls, which arc 
formed by pouring melted sulphur into cylindricid moulds, and also 
in the form of a fine ciystallim; powder, the flow ers of sulphur, which 
me obtained by throwing the vapour (tf sulphur into a close apart¬ 
ment, of which the temperature is below the point of fusion of that 
substance, and in which the suljdmr therefore condenses in the solid 
form and in minute, cryshds, just as watery va])our does in the at¬ 
mosphere below 32°, in the fonn of snow. The pjirity of the llow'crs 
is more to he depended upon than that of roll-sulphur. Sulphur is 
insipid and generally inodorous, but acquires an odour w'hen rubbed; 
it is very friable, a roll of it generally emitting a crackling sound, 
and sometimes breaking, when held in the warm liand. Its specific 
gravity is 1.9S. It fuses at 234°, forming a transparent and nearly 
coloui’less liquid, which is lighter than the solid sulphur. As the 
temperature is elevated, the lirprid becomes more yellow, and passes 
abruptly into a dark brown at 482° These allatropic conditions are 
distinguislied by rraiikenhcim as So, and S/3. In the last state it is so 
thick and viscous as to flow with difficulty. This change in its degree 
of fluidity is not occasioned by an increase of density, for fluid sulpliur 
continues to expand with the temperature. Thrown into water, wliihi in 
this condition, sulphur forms a mass which remains soft and transparent 

Rechcrchcs siir lea fuiiiurolks, par MM. Melloui and Piria : Anuales do Chitn. 

2dc aer. Ixxiv. 331. ,, 
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for some time after it is perfectly cool, and may be drawn into threads 
whicli have considerable elasticity. From 500° to its boiling point 
788°, when it is distingaished as Sy, it becomes again more fluid, 
and if allowed to cool returns through the same conditions, becoming 
again very fluid, before freezing. Sulphur has considerable volatility, 
beginning to rise in vapour before it is completely fused. At its 
boiling point it forms a transparent vapour of an orange colour, and 
distils over unchanged. The density of this vajjour, taken a little 
above its boiling point, is very considerable, being observed to. lie 
between 6510 and 6617 by Dumas, to be 6900 by Mitscherlicli. 
These results indicate the unusual combining measure of l-3d of a 
volume for this vapour, which gives the theoretical density 6634. 
But sulphur vapour has lately been shown by M. Bineau to be one of 
those bodies of which the density changes with the temperature 
(page 156), and to fall at 1000° C* under ordinary pressure to about 
one-third of wdjat it is about 450° or 500° C. The anomaly of its 
density is thus removed, and the combining measure of sulphur- 
vapour made to be 1 volume, or the same as oxygen. 

Sulphur and many other substances may be obtained in distinct 
crystals, on passing from a state of fusion, by operating in a par¬ 
ticular manner. A considerable (juanlity of sulphur is fused in a 
stoneware crucible, and allowed to cool till it begins to solidify; the 
solid crust which covers its surface is then broken, and the 
portion remaining fluid poured out. On afterwards breaking the 
crucible, when it has become quite cold, the sulphur is found to have 
a considerable cavity, w hich is lined with fine crystals, like a geode in 
quartz. Sulphur is dimorphous; the form w hich it assumes at a high 
temperature, aud consequently in its passage from a state of fusion, 
is a secondary modification of an oblique prism with a rhomboidal 
base (fig. 126), belonging to the Fifth System of crystallization 
Fig. 126. 167). Sulphur is 

- soluble ill the sulphide of 
carbon, the chloride of 
sulphur and oil of tur¬ 
pentine, and is deposited from solution in these menstrua at a lower 
temperature, and of its second form, which is an elongated octohedron 
with a rhomboidal base (fig. 127), belonging to the Third System. 

Fio. 127. Such is likewise the form of 

the grains of flowers of sul¬ 
phur, and of the fine trans¬ 
parent crystals of native sul¬ 
phur ; which last appear 
be formed by sublimation. 
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Sulphur is . not soluble in water nor in alcohol. It combines readily 
with most metals; ‘some of them, such as copper and silver in very 
thin plates, burning in its vapour, as iron does in oxygen gas. When 
iron and some other metals are mixed in a state of division with 
flowers of sulphur, and heat applied, the sulphur first melts, and after 
a few seconds combination ensues with turgescence of the mass, which 
becomes red-hot. Sulphur unites nith bodies generally in the same 
multiple proportions as oxygen, and sometimes in additional propor- 
tiops, particularly with potassium, and the metals of the alkalies and 
alkaline earths. When boiled with caustic potash or lime, red solutions 
arc formed which contain a large quantity of sulphur, a considerable 
proportion of which is deposited as a white hydrate of sulphur, upon 
the addition of an acid. With hydrogen, sulphur unites in single 
equivalents, and forms hydrosulphuric acid gas, which is the analogue 
of water in the sulphur series of compounds; and dso another com¬ 
pound, the bisulphide of hydrogen, which is deficient in stability, like 
the binoxide of hydrogen, and is decomposed or preserved by similar 
agencies. 

Sulphur is readily inflamed, taking fire below its boiling point, and 
burning with a pale blue flame and the formation of suffocating 
fumes, which are sulphurous acid gas. It exhausts the oxygen of a 
confined portion of air by its combustion more completely than 
carbonaceous combustibles, and on that account, and partly also 
from a negative influence which sulphurous acid has upon the com¬ 
bustion of other bodies, it may be employed in particular circum¬ 
stances to extinguish combustion; a handful of lump sulphur being 
dropped into a burning chimney as the most effectual means of extin¬ 
guishing it. Sulphur unites directly with oxygen only in the pro¬ 
portion of sulphurous acid, but several compounds of the same ele¬ 
ments may be formed, which are all acids j namely— 


1. Sulphmrous acid . 

. S Oa 

2. Hyposulphurous acid . 

. . Sa Og 

3. Sulphuric acid . 

. . S O 3 

4. Hyposulphuric acid 

. . Sa O 3 

5. Monosul-hyposulphuric acid. 

. S 3 O 5 

6 . Bisul-hyposulphuric acid 

. . S, 0 , 

7. Tiisul-hyposulphuric acid 

. . S 3 O 3 


IJseit .—From its ready inflammability sulphur has long been ap¬ 
plied to wood-matches. But its most considerable applications are 




PREPARATION OP SULPHUROUS ACID. 


399 


in the composition of gunpowder and other deflagrating mixtures, 
and in the manufacture of sulfuric acid, which *there wid again be 
occasion to notice in a moie particular maimer. 


SULPHUROUS ACID. 

f 

Eq.^% 4<00 j SO 2 J density of gas 2247 ; combining 

measure | j j 

Sulphurous acid was distinguished as a particular substance bv 
Stahl, and fnfet recognised as a gas by Dr. Priestley. It was sub- 
s(i(j[uently analyzed with accurficy by Gay-Lussac and by Berzelius. 

Preparation .—When sulphur is burned in dry air or oxygen gas, 
sulphurous acid is the sole product, and the gas is found to have 
undergone no change in volume. But sulphurous acid is more con¬ 
veniently prepared in laboratories by several other processes, 

(1.) An intimate mixture of G parts of binoxide of manganese 
and 1 part of flowers of sulphur is heated in a small retort of hard 
glass (fig. 128;) the gas is carried through a wash-bottle to arrest a . 

little vapour of sulphur which 
is carried over. Here the sul¬ 
phur is burnt at the expense of 
a portion of the oxygen of the 
binoxide of manganese. Sul¬ 
phurous acid, which is the pro¬ 
duct of the combustion, escapes, 
and protoxide of manganese re¬ 
mains in the retort. (Hegnault.) 

S and 2 MnO^ = SO^ and 2 Mn O. 

(2.) By heating oil of vitriol upon mercury or copjier, either of which 
becomes an oxide at the expense of one portion of the sulphuric acid, 
and thereby causes the formation of sulphurous acid. Sheet copper 
cut into small pieces is put into a flask to which undiluted oil of 
vitriol is added, and a moderate heat applied. The gas is carried 
tlurough a bottle, eontaining a little water b) condense the vapour 
of sulphuric acid, of which a little is carried over, and afterwards 
tlurough a tube containing chloride of calcium, if it is desired to 
dry the gas. 


Fia. 128 . 
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(3.) Oharcoaij chips of wood, str^, and sucli bodies, occasion 
a ^milar decompolfeition of sulphuric acid, when heated with it, 
but'the gas is then mixed with a large .quantity of carbonic acid. 
If the sulphurous acid, however, is to be used to impregnate 
water, or in making alkaline sulphites, the presence of that gas is 
immaterial. With that object, a quantity of oil of vitriol, equal in 
volume to 4 ounce measures of water, which for brevity may be 
spoken of as 4 ounce measures of oil of vitriol, is' introduced into 
a flask with half an ounce of pounded wood-charcoal, and the two 
substances well mixed w-ith agitation (fig. 129). Etfcrvescence takes 

place upon ai)plying heat to the flask, from 
the evolution of gas, which may be con¬ 
ducted in the first instance into an inter¬ 
mediate phial, through the cork of which 
a stout tube passes, open at both ends, 
and about 3-8ths of an inch in internal 
diameter. This phial contains about an 
ounce of water, into which the wider tube 
di])s, and the tube from the flask descends 
still lower. The phial serves the pur¬ 
pose of a wash-bottle in condensing any 
sulphuric acid vaptmr that may be carried 
over by tlie ga.s, or of intercepting the liquid material in the flask, if 
thrown out by ebullition, and also of preventing the liquid in the 
second bottle from passing back, by the glass tube, into the gene¬ 
rating flask, on the occurrence of a contraction of the air in that 
fiiask, by cooling or any other cause. When that contraction 
happens in this Jirrangemciit, the external air enters the intermediate 
phial by its open tube. The second bottle is nearly filled with water 
to be impregnated by the gas. 

Properties .—'Water at 60° is capable of dissolving nearly 50 times 
its volume of sulphurous acid, which makes it necessary to collect this 
gas for examination by displacement of air, or in jars filled with 
mercury in the jiiercurial trough. Its density is 2247, and it contains 
2 volumes of oxygen with 1 volume of sulphur vapour (density 2211), 
condensed into 2 volumes, which form its combining measure. It 
may easily be obtained in the liquid state by transmitting the dry gas 
obtained by the first 6r second process through a U shaped tube, 
surrounded by a freezing mixture of ice and salt, or better, of ice and 
cliloride of calcium. It forms a colourless and veiy mobile liquid, 
of sp. gr. 1.45, which boils at 14°. The volatility of this liquid is 


Fig. 129 
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small at considerably lower temperatures, and it is not applicable with 
advantage to produce intense cold by its evaporation (Kemp.) Sul¬ 
phurous acid crystallizes from a saturated solution in water, at a 
temperature of 4 or 5 degrees above 32°, in combination with 28 per 
cent, of water or 9 equivalents, SOg + OHO (Pierre). 

Sulphurous acid is not decomposed by a high temperature j but 
several substances, sucli as carbon, hydrogen, and potassium, which 
have a strong afliuity for oxygen, decompose it at a red heat. This 
acid blanches many vegetable and animal colours,—thus violets 
plunged for a short time into a solution of sulphurous acid become 
completely white; and the va))our8 of burning sulphur arc therefore 
employed to whiten straw and to bleach silk, to which they also 
impart a peculiar gloss. The colours are not destroyed, and may in 
general be restored by the ajjplication of a stronger acid or an alkali. 
Dry sulphurous acid exhibits no affinity for oxygen, but in contact 
with a little water these gases slowly combine, and sulphuric acid is 
fonned. Prom tlie same; aflinity for oxygen, sulidiurous acid deprives 
the solution of permanganate of potash of its red colour, and throws 
down iodine from iodic acid. It decomposes the solutions of those 
metals which have a weak affinity for oxygen, such as gold, silver, 
mercury (with heat), and throws down these bodies in the metaUic 
state. Sul])hurous acid is conveniently withdrawni from a gaseous 
mixture by means of ])cro\idc of lead, which is converted by ab¬ 
sorbing this gas into the white sul])hatc of lead. By nitric acid, 
suljdmrous acid is immediately converted into sulphuric acid. 

Sttlphifcs .—'File alkaline sulphites have a considerable resem¬ 
blance to the corresponding sulphates. Their acid is precipitated by 
the chloride of barium, but the sidphitc of baryta is dissolved by hy- 
drocbloric acid. When in solution the sulj>hites gradually absorb 
oxygen from the air, and ])ass into sulphates. Suljdmrous acid is a 
w^cak acid, and its salts arc decomposeil by most other acids. 

Us<‘,s .—Besides the application of which sulpliurous acid is sus¬ 
ceptible in bleaching, it is likewise employed in French hospitals, in 
the treatment of diseases of the skin. The gas is then ap})licd in 
the form of a bath. (Dumas, Traito de Cbimic appliquee aux Arts, 
i. 151). 

This oxide of sulphur, besides acting as an acid, has been sup¬ 
posed to play the part of a radical, like carbonic oxide, ami to per¬ 
vade a class of compounds, in which hyposulphiu'ous acid and sul¬ 
phuric acid arc included :— 
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Sulphurous acid 
Sulphuric acid . 
Ilyposulphurous acid 
Chlorosulphuric acid 
Nitrosulpliuric acid 
Azotosulphuric acid 


. SO 2 
. SO2 + O 
. SO.;, + S 
. SO2 + CI 
. SO2+NO2 
. 2 S 0 a+TSr 05 


SULPHURIC ACID. 

Eq, 40 or 500; SO 3 ; density of vapour 2762; [ | | 


Clicmists lia\ (} been in possession of processes for preparing this 
acid since the end of the fifteenth century. It is of all reagents the 
one in most frequent use, being the key to the preparation of most 
other acids; which, in consequence of its superior affinities, it 
separates from tlieir combinations ; and being the acid preferred to 
others, from its cheapness, for various useful and important purposes 
ill the arts. 

Preparatio/t .—Sulphuric acid was first obtained by the distilla¬ 
tion of green vitriol or copperas, a native sulphate of iron, and this 
process is still followed in Bohemia, for the prejiaration of a higlily 
concentrated acid, known as the j?Cordhausen acid, from being long 
produced at IMordliausen in Saxony. The sulphate of iron contains 
seven equivalents of water, and is first dried, by which its water 
is reduced considerably below a single c([uivaleut, and then distilled 
in a retort of stoneware at a red heat. When the experiment 
is performed on a small scale, the heat of an argand s])irit-himp 
is sufficient; and in the place of copjieras, the sulpliate of iron jire- 
viously peroxidized, the sulphate of bismuth, of antimony, or of 
mercury, may be employed. The first ctfcct of heat upon the dried 
sulphate of iron is to cause an evolution of suliihurous acid gas, a 
portion ot sulphuric acid being decomposed in converting the pro¬ 
toxide of iron of that salt into sesquioxide, 

2 (FeO.vSO-,) = SOg and SO 3 and Fe^^^g; 


but the salt used in Bohemia, it appears, is a native suljihatc, in 
which the greater part of the iron is already in the state of ses<iui. 
oxnhi, so that little sulphurou.s acid i.s h^st. Vapours afterwards come 
over, which condense into a fuming lii|uid, generally of a black 
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colour. Mild of a density about 1.9, which is the Nordhausen acid, 
and coiituius less tliaii one equivalent of water to two of sulphuric 
Jicid. This acid is preferred for dissolving indigo, and for some other 
purposes in the arts, and is the best source of anhydrous sulphuric 
acid. 

lJut sulpliuric acid is prepared, in vastly greater quantity, by the 
oxidation of suljdiur. When burned in fiir or oxygen, sulpimr does 
not attain a liigher degree of oxidation than sulphurous acid, but an 
additional proportion of oxygen may be communicated to it by two 
nietliods, and sulphuric acid formed. 

1 . VV’^heu a inixtvire of sulphurous acid and air, which must be 
previously dried, is made to i)uss over sjiongj' platiiiuin, or a ball of 
clean platiiiuni wire, at a high leniperature, the sulphurous acid is 
converted into suljdiuric acid at the expense of the oxygen of the 
air. After a time, however, the platinum loses this property, and the 
j)rocess, although interesling in a scientitic point of view', docs not 
answer, on account of lliat eliaug(', as a luaiinfacturing method. 

Si. Sulphurous acid mixed witli air may bo converted into sid- 
plmric acid, by the agency of nitric oxide, which is the process gene¬ 
rally jmrsned in the inauufacluve of this acid. Tlie theory of this 
latter luetliod, which is by no means obvious, lias been illustrated by 
the researches of Cleincui-Desormes, Davy, Dc la Provostaye, and 
others. It is generally considered as dt'peiuling upon the following 
reactions :— 

1. When binoxidc of nitrogen NO.^ mixes with air in excess, it is 
iiistanUy converted into peroxide of nitrogen 

2. Pert>xide of nitrogen is converted by contact with a smidl quan¬ 
tity of water into the nitrate of water and nitrous acid. 

and IlO^llO.KOs and ^^> 3 . 

3. Nitrons acid in contact with a large quantity of W'atcr is con¬ 
verted into nitrate of water and binoxidc of nitrogen. 

3 NO 3 and water in excess=ll(). NC^-P^Vatcr and 2 NO 3 . 

(lonsecpicntly, uniting the last two operations, peroxide of nitrogen 
is converted by a large quantity of water into nitric acid and biiioxide 
of nitrogen. 

4. Sulphurous acid takes oxygon from hydrated nitric acid, and 

becomes sulphuric acid, disengaging peroxide of nitrogen. . 

A.S the peroxide of iiitrogmi gives nitric acid and binoxidc of 
nitrogen ( 3 ), and the last gas is convertcil by air into peroxide of 
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uitrogen (1), the production of nitric acid may be repeated without 
end, and more and more sulphurous acid is converted by the latter 
into sulphuric acid. It thus appears that with a sufficient supply of 
air or oxygen, a small quantity of nitric acid (or of binoxidc of 
nitrogen) may convert a large quantity of sulphurous acid into sul¬ 
phuric acid. The binoxidc of nitrogen, only acting as a purveyor of 
oxygen, is re-obtained entire, without loss, at the end of the process. 
The sulphurous has derived the oxygen necessary to convert it into 
sulphuric acid, really from the air, but in an indirect manner. 

In the manufacture upon the large scale, the sulphurous acid is 
converted into sulphuric acid, in oblong chambers of sheet -lead, sup¬ 
ported by an external framework of wood. Sulphurous acid from 
burning sulphur, nitric acid vapour, and steam, are simultaneously 
admitted into tlie leaden chamber; and the sulphuric acid formed 
accumulates in the liquid state upon the floor of the chamber. The 
diagram below represents one of the forms of the chamber, Avith its 
appendages. 

Fig. 130. 



a represents the water boiler with its furnace, for supplying the 
chamber with steam ; h, the section of a small chamber in brickwork, 
or furnace, called the burner, upon tl\e floor of which tlie sulphur 
burns, and in which there is a tripod supporting an iron capsule, 
which contains the materials for nitric acid, namely, oil of vitriol, 
and either nitre or nitrate of soda. Tlie heat of tlie burning sul¬ 
phur evolves the nitric acid from these material, and consecpicntly 
the sulphurous acid becomes mixed Avith nitric acid vapour, Avhich 
it carries forw'ard Avith it, by a tube represented in the figure*, into 
the chamber, where these acid vapours meet Avith the steam admitted 
near the same point, and the fonnation of suljihuric acid takes place. 
The nitric acid vapour is equivalent to binoxide or to peroxide of 
nitrogen, as the first effect of the sulphurous acid is to reduce the nitric 
acid to a lower state of oxidation. Prom 8 to 19 parts of sulphur are 
consumed in the burner for 1 part of nitrate of soda decomposed 
there, so that the quantity of nitrous fumes is small compared Avith 
the* quantity of sulphurous acid thrown into th<i chamber. The 
chamber represented is 72 feet in length by 14 in breadth, and 10 
ill height, and is divided into three compartments, by leaden curtains 








SULPHURIC ACID. 


405 


placed across it, two of which, d and are suspended from the roof, 
and reach to within six inches of the floor, and one, <?, rises from the floor 
to within six inches of the roof: ^ is a leaden conduit tube, for the 
discharge of the uncondensible gases, which should communicate 
with a tall chimney, to carry off these gases and to occasion a slight 
draught through the chamber. The curtains serve to detain the 
vapours, and cause them to advance in a gradual manner through the 
chamber, so that tlie sulplmric acid is deposited as completely as 
possible, before the vapours reach the discharge tube. When the 
oxygen of the chamber is exhausted, the admission of acid vapours 
is discontinued, till the air in it is renewed. But the admission of 
air to the chamber is generally so regulated, that a continuous cur¬ 
rent is maintained througii the chamber, and the combustion proceeds 
without interruption. Wlien steam is adjiiitted in proper quantity, 
as in this method, it is not necessary to begin by covering the floor 
with water. 

The acid may be drawn olT from the floor of the chamber of a 
sp. gr. as high as l.G It is further concentrated in open leaden 
pans, till it b(^ns to act upon the metal, and afterwards in retorts of 
])latinum or glass. It still retains small quantities of nitrous acid 
and sulphate of lead, from which it can be completely purified by 
dilution with water and a second distillation. The acid thus ob- 
taimd, in its most concentrated state is a definite compound of one 
cq. acid and one cq. of water, HO.SO3, which hist cannot be 
scqiarated by heat, the hydrate distilling over unchanged. It is the 
Oil of Vitriol of commerce. 

The construction of the leaden chamber is greatly varied ; one 
chamber of great dimensions is often used without any division by 
curtains; or the vaimur is carried successively through a series of 
three, four, or five connected chambers. The sulphiirou.s acid, also, is 
often deiived from the combustion of bisulphide of iron (iron 
pyrites), instead of sulphur; a peculiar kiln or flue being employed 
for burning the former. At the suggestion of Gay-Lussac, the 
nitrous vapour, as it ultimately leaves the chamber with the air ex¬ 
hausted of oxygen, is absorbed by being made to pass through a 
column of coke, over which a stream of the concentrated sulphuric 
acid is flowing. Tlu; sulphui-io acid, after being charged with nitrous 
vapours or nitric acid, is transported back to the anterior part of 
the chamber, and tliere exposed to the sulphurous acid, as the latter 
leaves the sulphur burner. This exposure denitratoa the sulphuric 
acid, much sulphurous acid becoming sulphuric acid, and peroxide 
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of nitrogen being liberated in the state of vapour. (See Knnpp^a 
Chemical Teclmologj'^, edited by Drs. Rc^nalds and Richardson, i. 330.) 

When the supply of aqueous vapour in the chamber is insuiricient, 
a wliite crystalline compound appears, known as the crystalline sub¬ 
stance of the leaden chambers : it is deposited most frequently in the 
tube by whicli two chambers comrauuicatc. It contains the ele¬ 
ments of 3 eq. sulphuric acid, and 1 C(]. nitric acid, 3 SQ.^ -+■ NOg; 
but several otlicr views of the arrangement of its ehanents may be 
entertained with equal })robabilify. This substance, which is also 
termed azoto-suljihuric acid (S .2 NOg), is decomposed by water, and 
gives sulphuric acid, nitric acid, and binoxidc of nitrogen ; 


3 (Sa NOj,) and 7 110 = 6 (IIO.SO 3 ) and IIO.NO 5 , and 3 


The formation of the crystalline substance, and the general opem- 
tioii of the leaden chamijer, may be illustrated by the arrangement in 
fig. 131. Binoxidc of nitrogen evolved by the action of dilute nitric a(ad 

on copper in the 
gas-bottle C, and 
sulphurous acid 
evolved by the ac¬ 
tion of copper clip- 
ping.s on concen¬ 
trated sulphuric 
acid in the llask 
B, are conveyeil 
inlo a large glass 
globe. A, contain¬ 
ing air. Hiuhly 
fumes of [)eroxide 
of nitrogen first appear, but s(X)n the inner surfiice of the globe 
is frosted over with the crystalline compound. If stc.am or water be 
now introduced, by one of the free tubes, the crystals disappear with 
effervescence, from escape of gas, sulphuric arid is produced, and the 
changes are repeated till the air in A is exhausted. 

ProparticH .—Anhydrous suljdiuric acid . is obtmned by gently 
heating tlie fuming acid of Nordhau.sen in u retort, and receiving its 
vapour in a bottle artificially cooled, which can afterwards be closed 
by a glass stopper. It conden.ses in solid fibres, like asbestos, which 
art! t(rnacious, and may be moulded by the fingers lik(^ wax. The 
density of the solid at 68 ° is 1.07 : at 77 ° it is li(|uid; and a little 
above that temperature it enters into ebullition, affording a colourless 


rio. 131. 
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vapour, which produces dense white fumes on mixing with air, by 
condensing moisture. The dry acid does not redden litmus, an effect 
which requires the presence of moisture. It combines with sulphur, 
and produces liquid compounds, which are of a brown, green, and 
blue colour, and, with one-tenth of its weight of iodine, forms a com¬ 
pound of a fine green colour, which assumes the crystalline form. 
Heated in the acid vapour, caustic lime or baryta inflames and bums 
for a few seconds; the vapour is absorbed, and sulphate of lime or 
baryta formed. The anhydrous acid lias a great affinity for water, 
and when dropped into tliat liquid, occasions a burst of vapour from 
the heat evolved. The density of its vapour was found to be 3000 by 
Mitscherlich, but it is probably 2762, and formed of 3 volumes of 
oxygen and 1 volume of sulphur vapour condensed into 2 volumes, 
which constitute its combining measure. This vapour is resolved 
by a strong red heat into sulphurous acid and oxygen. 

When the Nordhausen sicid is retained liolow 32°, well-formed 
crystals appear in it, which Mitscherlich finds to be a compound of 
two equivalents of acid and one of water, or 2 S 03 -fII 0 .* This 
compound is resolved by heat into the anhydrous acid, which sublimes, 
and the first hydrate, or oil of vitriol. 

The most concentrated oil of vitriol of the leaden chambers 
(llO-t-SO,) is a dense, colourless fluid of an oily consistence, ivliich 
boils at 620°, and freezes at —29°, yielding often regular six-sided 
prisms of a tabular form. It has a specific gravity at G0° of 
1.845. It is a most powerful acid, supplanting all others from 
their combinations, with a few exceptions, and when undiluted is 
highly corrosive. It chars and destroys most organic substances. It 
has a strong sour taste, and reddens litmus even though greatly 
diluted. Sulphur is soluble to a small extent in the concentrated 
acid, and communicates a blue, green, or brown tint to it; so arc 
selenium and tellurium. Charcoal also ajqjcars to be slightly soluble 
in this acid, imparting to it a pink tint, which afterwards becomes 
reddish brown. The concentrated acid has a great alTinity for water, 
which it absorbs from the atmosphere, mid is usefully employed to dry 
substances placed near it in ^racuo. Considerable heat is evolved in 
its combination with water : when 4 jiai’ts by weight of the concen¬ 
trated acid are suddenly mixed with 1 part of water, the temperature 
rises to 300°. When diluted with about thirty times its weight of 
winter, sulphate of water, Ilf ). SO 3 , evolves heat, whicli may be repre¬ 
sented by 23 degrees; while I 10 .S() 3 -f HO, similarly diluted. 


♦ KlumeiiH dc Chimic, par B. MiJsi'hcrIicli, t. ii. p, 57. 
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evolves 14 degrees, or 9 degrees less, and HO. SO 34 - 5HO, 5 degrees 
only, or 18 degrees less. Hence the first equivalent of water which 
combines with oil of vitriol a})pears to evolve as much heat as the 
following four equivalents (Mem. Chem. Soc., i. 107). In a series 
of valuable experiments by M. Abria, but which do not admit of being 
compared with the preceding, he obtained the following results 
(Annales de Ch., 3 sdr., xii. 171) ;— 

Quantities of heat disengaged by the combination of sulphate of 
water,— 


IVith 1 eq. water 


E 

3 

4 

5 


33 

33 

33 


Excess . 


C4.25 degrees. 
91.69 „ 

113.06 „ 

1E4.43 „ 

131.66 „ 

165.63 


The anhydrous acid SO 3 disengaged 237.13 degrees in combining 
with an excess of water. Tlie value of these last degrees, or the unit 
of heat, is the quajitity of heat retpiired to heat up 1 gramme 
(15.431 grs.) of water 1° Centigrade. Abria concludes that in the. 
combination of anhydrous sulphuric acid with water, the quaTitities of 
heat successively disengaged by the different etpiivalents of water have 
a multiple relation, and correspond very closely, for the first equiva¬ 
lents, with the numbers— 


1. J- 4- ' ' 

f JJ TTf ruj T7r.> "iT- 

Tlie density of sulphuric acid becomes always less by dilution, but 
not exactly in the ratio of the water added. (Table of Densities of Sul¬ 
phuric Acid, in Appendix). 

Acid of density 1.78 i.s the second definite hydrate, containing two 
eq. of water to one of acid. Tliis fiydrate forms large and regular 
cry.stals, even a little above the freezing point of water, and was ob¬ 
served by Mr. Keir to remain solid till the temjieniturc rose to 4 5 °. 
If the dilute acid is evaporated at a heat not exceeding 400°, its water 
is reduced to the proportion of tliis hydrate. This second cq. of 
water is expelled by a higher temperature, but the first cq. can only 
he separated from the acid by a stronger base. Sulphuric acid fonns 
still a third hydrate, of sp. gr. 1.632, containing three eq. of water, 
the proportion to which the water of a more, dilute acid is reduced, 
by evaporation in vacuo at 212°. It is also in the proportions of 
this hydrate that the acid and water undergo the greatest condensation. 
Or reduction of volume, in combining. The following, then, are the 
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formulaj of the definite hydrates of this acid, including that derived 
by Mitsclierlich from the Nordhausen acid :— 

HYDRATES OF SULPHURIC ACID. 

Hydrate in the Nordhausen acid . . IIO.2SO3 

Oil of vitriol, (sp. gr. 1.845) . . IIO.SO3 

Acid of sp. gr. 1.78 .... HO.SOg + IIO 

Acid of sp.gr. 1.632 . . . HO.SO3 + 2HO 

The composition of a liydrate of sulphuric acid is ascertained by 
adding a known weight of oxide of lead to the liquid, in a capsule, 
and evaporating to dryncvss. As the sulphuric acid abandons all its 
water on combining with oxide of lead, and the sulphate of lead may 
be heated without decomposition, the increase of w^eight which the 
oxide on the capsule undergoes is precisely the quantity of dry sul¬ 
phuric acid in the hydrate examined. 

Sulphuric acid acts in tw'o different modes upon metals, dissolving 
some, such as copper and mercury, with the evolution of sulphurous 
acid, and others, such as zinc and iron, witli the evolution of hydro¬ 
gen gas. Tlie raetsd is oxidated at the expense of the acid itself in 
the one case, and of the water in combination with the acid in the 
other. The acid acts with most advantage in the first mode when 
concentrated, and in the second wlien considerably diluted. 

The presence of sulphuric acid in a liquid may always be discovered 
by means of chloride of barium, which produces w'ith this acid a white 
precii)itatc of sul])hatc of baryta, insoluble in both acids and alkalies. 

Sfdphates .—Of no class of salts do chemists possess a more mi¬ 
nute knowledge than of the sulphates. The sulphates of zinc, mag- 
ncisia, and other members of the magnesian family, correspond closely 
wnth the hydrate of sulphuric acid. Thus of tlie seven etp of water 
wdiieh the crystallized sulphate of magnesia possesses, it retJiins oiu‘ at 
400®, and is then analogous to the sulphate of water of sp. gr. 1.78; 
the formula of these two salts being, 

MgO.SOa + IIO, 

110.803 +110, 

and the oq. of water in both salts may be replaced by sulphate of 
potash, when tlic sulphate of water forms the salt called the bisulphate 
of potash, and the sulphate of magnesia forms the double sulphate of 
magnesia and potash, of which the fomiuloe also correspond 

IIO.SO 3 +KO. SO 3 

MgO.SOj + KO. SO3. 
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In all these sulphates there is one cq. of acid to one of base; but 
with potash, sulphuric acid is supposed to form a second salt, in 
which two of acid are (iombined with one of base KO + 2 SO 3 , and 
which is said to have lately been obtained in a crystallized state by 
M. Jacquelin.* This would be a true bisulj)hate, and would corre¬ 
spond to the red chromate or bichromate of potsish KO -f- ^CrOa ; but 
my own observations have obliged me to call in question the existence 
of this anhydrous bisulphate (Mem. Chem. Soc., i. 120 ). 

—Sulphuric acid is employed to a large extent in eliminating 
nitric acid from nitrate of potash, and in the prei>aration of hydro¬ 
chloric acid and chlorine from chloride of sodium, and also in the 
processes of bleaching. But the great consumption of this acid is in 
the formation of sulphates, particularly of suljihate of soda, nearly all 
the carbonate of soda of coraiiicrcc being at present procured by the 
decomposition of that salt. 


CHLOROSULPHURTC ACID. 

07.5 or 843.75; SOqCI ; density 4052 ) | j 

Sulphurous acid gas combines with ati equal volume of chlorine 
under the intluencc of light, and condenses into oily drops, wliich 
are denser than water (Regnault, Aiinales d(' Chim. Ixix. 170, and Ixxi. 
445). Cldorosulphuric acid in dissolving decomposes 1 (>q. of watci’, 
and is converted into hydrochloric acid and sulphuric acid,—a reac¬ 
tion which demonstrates the original compound to consist of 1 cep of 
sulphurous acid with 1 cq. of chlorine. 

The density of the vapour of chlorosulphuric acid was found by 
experiment to be 47(13, which agrees with the theoretical density, 
4652. It con.sisfs of 2 volumes of sulphurous acid and 2 volume.s 
ot chlorine condensed into 2 volumes, which form the combining 
measure of the vapour. In its condensation, it resembles the vapour 
of anhydrous sulphuric acid. This body also correspojuls exactly in 
Composition with the compound hitherto called chlorochromic acid; 

CrO^Cl, chromium being substituted in the latter for the suljdmr of 
the foiTuer. 

W ith dry ammoniacal gas, chlorosulphuric acid forms a while 
powder, which is a mixture of tlie hydrochlorate of ammonia (sal 

* Aiinalcw dc Chim. cl ile Phys., Ixx. SI 1. 
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ammoniac) and mlphamidey SOg + NII 2 . It does not combine, as 
an acid, with bases. 

Chlorosulpimric acid may also be represented as a compound of 
sulphuric acid with a terchloridc of sulphur, 3 SO 3 + SCI 3 . Another 
compound of the same scries has been formed by 11 . Rose, which is 
represented by 5SO.j + SCI 3 . 


NITROSULPlIUniC ACID. 

Eq, 02 or 775; ST^ 04 ('y/’ SO 2 .NO 2 ; not isolahJc. 

Sir TT. Davy made the observation that binoxide of nitrogen is 
absorbed by a mixture of sidphitc of soda and caustic soda, and that 
a compound is jnoduced, of which the [niiicipal characteristic is to 
disengage abundance of protoxide of nitrogen, upon the addition of 
an acid to it. lie concluded that the nitrous oxide, which then 
escapes, was previously united with soda, and gave this as an instance 
of the combination of tliat neutral oxide with an alkali. As the 
suljdiite of soda became at the same tiTiie suljjhate, the conversion of 
the nitric oxide into nitrous oxide apj)earcd to be explained. It was 
afterwards shown by Pelouze that a new acid is formed in the 
circumstances of the experiment, to which he has given the name 
nitrosulphuric, and which may be considered as a com])ound of sul¬ 
phurous acid and nitric oxide, or another member of the sulphurous 
acid siTies.* * 

Vn’parotion .—If a mixture be made over mercury of 2 volumes 
of sulj)hnrous acid, and 4 volumes of binoxide of nitrogen, which are 
eombining measures of these gases, no change occurs; but on 
throwing up a strong solution of caustic jiotash into the gases, they 
disa})pear entirely after some hours, eombining with a single equiva- 
hmt of potash, and forming together the nitrosulphatc of potash. 
But it is bi'tter to pre[)arc the nitrosnl]>hate of ammonia. A concen¬ 
trated solution is made of sulphite of ammonia, which is mixed with 
five or six times its volume of solution of ammonia, and into this 
binoxide: of nitrogen is })assetl for several hours at a low'temperature. 
A number of beautiful crystals are gradually deposited; they arc to 
be washed with a solution of ammonia, previously cooled, which, 

• Prlouzc, in Tnylor’s Scientific Mcinoir^, vol. i. p. 470 ; ov Anunics dc Cliim. ct de 
riiys. Ix. 151. 
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besides the advantage of retarding their decomposition, offers that of 
dissolving less of them than pure water. When the crystals are 
desiccated, they should be introduced into a well-closed bottle; in 
this state they undergo no alteration. The same process is applicable 
to the corresponding salts of [)otash and soda. When a strong acid 
is added to a solution of these salts, for the purpose of liberating the 
nitrosulphuric acid, the Latter, on being set free, decomposes spon¬ 
taneously into sulphuric acid and protoxide of nitrogen, which comes 
off with effervescence. 

Properties .—The acid of the nitrosulphatcs is not precipitated by 
barjda. The nitrosulphate of potash, wdien heated, becomes sul¬ 
phite, and evolves nitric oxide; but the salts of soda and ammonia 
become sulphates, and evolve nitrous oxide. No nitrosidphatcs of 
the metallic oxides, which arc insoluble in water, have been formed, 
or appear capable of existing; for when such sidts as chloride of 
mercury, sulphate of zinc or of copper, sulphate of sesfpiioxide 
of iron and nitrate of silver, arc added to the nitrosulphate of 
ammonia, they j’roduce a brisk effervescence of nitrous oxide, with 
the formation of sulphate of ammonia, or they decompose tlie nitro¬ 
sulphate of ammonia as free acids do. Indeed, the only nitrosnl- 
phates which have been formed are those of pota.sh, soda, and 
ammonia. These are neutral, and have a sharp and slightly bitter 
taste, with nothing of that of the sulphites. 

These salts rival the binoxide of hydrogen in facility of decompo¬ 
sition. The nitrosulphate of ammonia resists hut i,s decom¬ 

posed with explosion a few degrees above thafftcinperuturc, caused 
by the rapid disengagement of nitrous oxide. Solutions of tlic nitro- 
sulphates are not stable above the freezing point, but tlu'ir .«tability is 
much increased by an excess of alkali. They arc resolved into .sul¬ 
phate and nitrous oxide, by the more contact of certain suhslaiicea 
which do not tliemselves undergo any change; such as .spongy ])lal.i- 
num, silver and its oxide, charcoal powder and binoxide of manga¬ 
nese, by acids, even carbonic acids, and by metallic salts. 

Azolo-sulphuric acid of JJe ia Prorostape, S 2 NOJJ. —Liquid sul¬ 
phurous acid and peroxide of nitrogen, sealed up together in a ghiss 
tube, react upon each other, and give rise to a solid compound crystal¬ 
lizing in rectangular square prisms, which has been examined by 
M. de la Provostaye. A small portion of a blue liquid, possc.s.siiig a?i 
explosive property, which Iirus not been fully examined, is formed at 
the same time. This substance fomi.s the " crystals of the leaden 
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cliainber.” It may also be produced, according to Gbiy-Lussac, by 
bringing peroxide of nitrogen and oil of vitriol in contact;— 

2 NO 4 and 2 (HO.SO3) = HO.NO5 + HO and SNO^. 

This substance fuses at about 430°, and forms a silky mass on 
cooling ; it may be distilled without decomposition at about 620°. 
It is decomposed by water, sulphuric acid being formed, and nitrous 
vapours disengaged. It has been rejirescntcd as composed of 
2 S 02 + N 0 g; or as 2 SO 3 + NO 3 ; or S 20 g + ]Sr 04 , but nothing certain 
is known of its molecular arrangement. 

Dry binoxidc of nitrogen is absorbed by anhydrous sulphuric acid, 
according to an observation of II. Hose. 


HYPOSULPHURIC ACID. 

72 or 900 ; S^Og ; /fo/ isoiable. 

Prrparafio/i .—This acid of suljdiur was discovered by Gay-Lussjic 
and Welter, in 1819. To i)repare it, a quantity of binoxidc of man¬ 
ganese, which must not be hydrated, is reduced to an extremely fine 
powder, suspended by agitation in water, and sulphurous acid gas is 
transmitted through the water. AVhen ordinary binoxidc of manga¬ 
nese is used, it should be previously treated with nitric acid, to dis¬ 
solve out the hydrated oxide, and washed. The temperature is apt 
to rise during the afl^sorption of the gas, but must be repressed, 
otherwise much sulphuric acid is jiroduced,—the fonuatiou of which, 
indeed, it is iiiqmssiblc to lu-evcnt entirely, but of which the quantity 
is said to be reduced almost to nothing, when the liquid is kept cold 
during the operation. The binoxidc of manganese disappears, 
and a solution of hyposulphate of the iuoto.xide of manganese is 
formed; 2 cquivsileiits of sulphurous acid, and 1 of binoxidc of 
manginese, forming one of hyposulphuric acid and one of protoxide 
of manganese, or 

2 SO 2 and Mn 02 =Mn 04 -S 20 g. 

The solution is filtered, and then mixed with a solution of sulphide 
of barium, wliich occasions the precipitation of the insoluble sulphide 
of manganese, with the transference of the hyposulphuric acid to 
baryta. Hrom this hyposulphate of baryta, the hy])Osulphates of 
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other metallic oxides may be prepared by adding their sulphates to 
that salt, when the insoluble sulphate of baryta will precipitate, and 
the hj-posulphate of the metallic oxide added remain in solution. 
But to procure the hyposulphuric acid itself, the solution of h^-^po- 
sulphate of baryta may be evaporated to dryness, and, being perfectly 
pure, it is reduced to a fine powder, weighed, and dissolved in water: 
for 100 parts of it 18.78 parts of oil of vitriol are taken, which, jiftcr 
dilution with three or four times as much water, are employed to decom¬ 
pose this salt of baryta. The liberated h}^i)Osulphuric acid solu¬ 
tion is filtered, and evaporated m vacuo over sulphuric acid, till 
it attains a density of 1.347, which must not be exceeded, as the 
acid solution begins then to decompose spontaneously into sulpliu- 
rous acid, which escapes, and sulphuric acid, which remains in the 
liquid. 

Properties .—^This acid has not been obtained in the anhydrous 
condition. Its aqueous solution has no great stability, being decom¬ 
posed at its temperature of ebullition. The same solution exposed 
to air in the cold, slon ly absorbs oxygen, according to Ileeren, and 
becomes sidphuric acid. But neither nitric acid, nor chlorine, nor 
binoxidc of manganese, oxidize tliis acid unless they arc boiled in 
its solution. Its salts are perfectly stable, either when in solution 
or when dry, and are generally very soluble, having some analogy to 
the nitnites. A hyposulphite, when heated to redness, leaves a 
neutral sulphate, and allow.s a quantity of sulphurous acid to escape, 
which would be sufficient to form a ncutra^ul])hitc with the base 
of the sulphate. This class of salts was particularly examined by 
Ileeren.* Hyposulphuric acid is imagined to exist in acid com¬ 
pounds produced by the action of sulphuric acid on several organic 
substances. 

The hyposulphate of baryta may be analysed by exposing a 
portion of it to a red heat, when it gives off sulphurous acid, and 
leaves pure sulphate of baryda behind. If an e(|ual portion be 
treated with boiling concentrated nitric acid, the sulphurous acid is 
converted into sulphuric acid; and if chloride of barium is after¬ 
wards added, a quantity of suljjhatc of baryta is obtained which is 
exactly double in weight that obtained from the first portion. 


* Poggeudorff’a Annulcn, v. vii. p, 77- 
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IIYPOSULPIIUROUS ACID. 

Eq. 48 or 600; SjOa, or SO^ + S; not isolahle. 

The hyposulphites are better known than hyposulphurous acid 
itself, which is a body of little stability, quickly undergoing decom¬ 
position when liberated by a stronger acid from a solution of any 
of its salts, and resolving itself into sulphurous acid, hydrosul- 
pliuric acid, and sulphur. These salts, long considered as a species of 
double salts, and c.nlled sulphuretted sulphites, were first supposed 
to contain a peculiar acid by Dr. T. Thomson and by Gay-Lussac,— 
a conjecture afterwards verified by Sir John Ilerschcl, whose early 
researches upon this acid form the subject of an interesting memoir.* 

Preparation .—Sulphite of soda is prepared, in the first instance, 
by saturating a solution of carbonate of soda with sulphurous acid 
gas, by the apparatus described at page 400. This sulphite, care 
being taken that it is not acid, is converted into hyposulphite, by 
digesting it upon llowcrs of sulphur at a high temperature, but 
without ebullition. The sulphurous acid assumes 1 eq. of sulphur, 
and remains in combination with the soda; or, in symbols— 

NaO + SOj and S = NaO + SO^.S. 

The solution may afterwards be evaj)orated (ebullition being always 
avoided, as the hyposulphites are partially decomposed at 212°), and 
alfords huge crystals^of the hyposulphite of soda. When solution 
of caustic soda is digested upon sulphur, the latter is likewise dis¬ 
solved, fuid a mixture of 1 cq. of hyposulphite of soda with 2 cq. of 
sulphide of sodium results, of which the last always dissolves an 
excess of sulphur :— 

3NaO and4S=Na0 + Sa02 and 2NaS. 

Exposed to the air, this solution slowly absorbs oxygen, and if it 
contains a certain excess of sulphur, passes entirely into hyposulphite 
of soda. 

The hyposulphite of lime is also fonned by digesting together 1 
j)aft of suli)bur and 3 of hydrate of lime at a high temperature, 
when changes of the same nature occur ns with sulphur aud caustic 
soila, and the solution becomes red, containing bisulpliidc of cal- 


* Ediiibui'gU rUiiosupliical Juiu'ual, vol. i. i>p. S oad 3U6. 
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cium: a stream of sulphurous acid gas is conducted through the 
solution after it has cooled, and converts the -whole salt into hypo¬ 
sulphite, occasioning at the same time a considerable deposition of 
sulphur. The reaction here may be expressed by the following 
formula:— 

aCaSa and 3S02=aCa0 + 2S202 and 3S. 

If the waste-lime, in flic porous state in which it is removed from 
the dry-liine purifiers of a gas-work, be exposed to air, it rajiidly 
absorbs oxygen; and, when treated with water, aftenvards gives 
much soluble hyposulphite of lime. This is an economical method 
of preparing the salt on a large scale (Mem. Chem. Soc. ii. 358). 

Zinc and iron also dissolve in the solution of sulphurous acid in 
\vater, with little or no effervescence, deriving the oxygen necessary 
to convert them into oxides, not from water, but from the suljihurous 
acid, two-thirds of wdiich are thereby converted into hyposulphurous 
acid, which combines with half of the oxide produced; while the 
other third, remaining as sulphurous acid, unites with the other moiety 
of the same oxide :— 

3S02and 2 Zn=Zn 0 .S 202 and ZnO.SOa. 

The hyposulphite obtained by this process is, therefore, mixed with a 
sulphite. 

Projtertien .—^The acid of these salts undergoes decomposition 
when they are strongly heated, or treated with an acid. It forms 
soluble salts with lime aud strontia, in which respect it differs from 
sulphurous and sulphuric acids; the hyposulpliite of baryta is 
insoluble. It also forms a remarkable salt w'itli silver, whieli has no 
metallic flavour, but tastes extremely sweet. The existence of a 
hyposulphite in a solution is easily recognised, by its possessing the 
power to dissolve freshly jirecipitated cliloride of silver, and b(;comc 
sweet. Hyposulphite of soda in solution is apt to become acid by 
the absorjition of oxygen, and then its conversion into sulphate of 
soda, with deposition of sulphur, proceeds rapidly. 

Uses ,—The hyposulphite of soda is employed to distinguish 
between the earths strontia and baryta,—the latter of which it precipi¬ 
tates, and not the former. It is also ajijilied, in ecrlain eircum- 
stanecs, to dissolve the insoluble salts of silver in pliotogrupliy, electro¬ 
plating, and the treatment of silver ores. 
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POLYTHIONIC SERIES. 

Three new acids of sulphur have lately been discovered, all con¬ 
taining, like hyposulphuric acid, 5 eq. of oxygen, but evidently more 
related in constitution and properties to hyposulphurous acid. They 
were named by Berzelius, from Oeiov (sulphur); and are composed as 
follows;— 

Trithionicii or inono-sul-hyposulplmric acid S.jOq, or S 20 g + S. 

Tetrathionic, or bisul-hyposulphuric acid S4O5, or S^Og 4 - 2 S. 

Pciitathionic, or trisul-hyposulphuric acid SgOg, or + 3S. 

Hyposulphurous acid becomes the dithionous, and hyposul- 
j)huric acid the dithioiiic acid, as members of the same series; a ’ 
of which, it will be observed, contain more than 1 equivalent of 
sulpliur, and are therefore polythionic: but the old names of the 
two acids last referred to are too firmly established to be changed, 
without a greater necessity for the alteration than appears to exist. 

Trithionic or MonosHl-h^pomdiihuric acid, eq. 88 nr 1100, 
S 3 O 5 or SjOg-f S.—Tiiis acid was first 'obtained by M. Langlois 
(Aniiales dc Cliim. 3 scr. iv, 77). It is the result of the action of 
sulphur upon the soluble bisulpliitcs, and may be prepared from the 
bisulpliitc of baryta. This salt is digested with flowers of sulphur 
at a temperature not exceeding 1 ^ 2 '’ (50° C.) for several days; the 
solution first becomes yellow, afterwards loses all colour, and wdien 
allowed to cool in this state, deposits a salt in long w'hite silky 
crystals, which is the trithionatc of baryta. By the cautious addi¬ 
tion of sulphuric acid to a solution of the new sidt, the trithionic 
acid may be liberated and obtained iTi solution, while the insoluble 
sulphate of baryta precipitates. The acid solution may be concen¬ 
trated in the vacuous receiver of an air-pump, but is rapidly decom¬ 
posed by heat into sulphurous acid and sulphur. Tlie salt of potash 
is easily obtained, either, according to Plessy’s method, by passing 
sulphurous acid into a solution of hyposulphite of potash; or, accord¬ 
ing to Langlois, into one of sulphide of potassium: in the latter case 
hyposulphite of potash is first formed, and from that the trithionatc. 
(Kessner, Chem. Giiz. vi. p. 3G9.) The salts of this acid appear 
to have greater stability than the hyposulphites, and are formed 
W'hen certain hyposidphites, such as those of zinc, cadmium, and 
lead, arc left to spontaucons decomposition; or even, according to 

2 E 
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Forties anti Gelis, by tlie sole effect of the con centra tion of solutions 
of these salts. Tliis acid is precipitated black by the salts of the 
suboxide of mercury, a property which distiiigLiishes tlie trithicniic 
acid from the two more highly sulphured acids of the same series, 
which are precipitated yellow by the reagent in question. 

Tetrathionic qt Bisul-hyponntljthuric acid\ cq. 104 or 1300; 
SA or S 2 O 5 + Sg.—Tin’s acid was discovered by MM. Fordos and 
GelivS, and is obtained by dissolving iodine in a solution of the hypo¬ 
sulphites, particularly of the hyposulphite of baryta. The re-action 
in the last case is as follow’s:— 

2 (BaO.SgOg) and I = Bal and Ba 0 .S 405 . 

The new salt, being less soluble than the iodide of barium, is sepa¬ 
rated by crystallization, and afibrds the acid when decomposed by a 
suitable proportion of sulphuric acid. The solution of tetrathionic 
acid has considerable stability, and may be highly concentrated. The 
process just described is modified by Kessner, who prepares first the 
hyposulphite of lead by dissolving 2 parts of hyposulphite of soda 
in hot w’ater, and pouring this solution into an equally hot dilute 
solution of 3 parts of acetate of lead. The precipitate is w’ashed 
with a large quantity of warm water, and mixed (still moist) with 
1 part of iodine, and the mass fre(iueiitly stirred; in the course of a 
few days the whole is converted into iodide of lead and a solution of 
tetrathionate of lead. The lead is now removed by sulphuric acid 
(the use of hydrosulphuric acid being inadmissible), any excess of 
the latter by carbonate of baiy ta, and the solution of the tetrathionic 
acid evaporated. ArVhen this acid is saturated with carbonate of 
soda, or its salt of lead decomposed by sul]>hatc of soda, only pro¬ 
ducts of decomposition are obtained,—sulphur, sulphate, and h)’j)o- 
sulphite of soda. (Chem. Gaz. vi., p. 370.) The salts of this 
acid, therefore, rec[uire to be inepared directly, and appear generally 
to be less stable than the hydrated acid. 

Pvntuthionic or Triml-hypomlphuric acid; =120 or 1500; 
^ 5^5 ^ 2^5 + 83 *—Sev(;ral years ago Dr. T. Thomson observed 

that when hydrosulphuric and sulphurous acids mututdly decompose 
each other in presence of w’ater, the magma of sidphur prccij)itated 
is iinprogTuited by a peculiar acid. M. Wackenroder lately found 
that this acid is an additional number of the j>rescnt series. To pre¬ 
pare the acid, Wackenroder supersaturates water with sulphurous 
acid, and then causes hydrosulphuric acid to stream through it till 
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the liquid has the odour aud reactions of the latter^ evaporating 
afterwards till the excess of hydrosulphuric acid is expelled. The 
liquid does not become clear till after clean slips of copper are left in 
it for some time, to remove the suspended sulphur: copper reduced 
from the oxide by hydrogen would probably act more rapidly. The 
addition of chloride of sodium, or saturation with a base, such as an 
alkaline carbonate, also facilitates the precipitation of the sulphur. 
In the opinion of Mr. L. Thompson, much of this sulphur, which is 
supposefl to be suspended, is actually in solution. 

The clear acid liquid may be concentrated till it attains a density 
of 1.37 ; it is inodorous, sour, and a little bitter. It may be pre¬ 
served at the temperature of the air, without change; but when 
made to boil it undergoes decomposition, giving off hydrosulphuric 
acid, followed# by sulphurous acid, and leaving behind ordinary sul¬ 
phuric acid and some sulphur. This acid is decomposed, like the 
last, by strong bases. 

Pentatluonic acid was also found by Fordos and Gelis among the 
products of the decomposition of the chlorides of sulphur by water. 
The pentathionatc of baryta is very soluble, and is easily altered. It 
was analysed by means of chlorine and the hypocldorites, which 
transform the wliole sulphur into sulphuric acid; 

SgOg and 10 Cl and 10 110 = 5 SO3 and 10 HCl. 

The peutathionic acid is distinguished from hjq>osulphurous acid, 
with which it is isomeric, by the less solubility of the pentathionates, 
and by the circumstance that the pentathionates have no action upon 
iodine (Anuoles de Ch. 3 scr. xxii. 60). The sulphur was supposed 
by B(^r/clius to exist in the various polythionic acids, in its different 
allatropic conditions. 


SUl.rilUR AND IIYDKOOEN. 

HYDROSULPHURIC ACID. 

Syn. Sulphuretted hydrogen gas, sulfhyd rie a cid; Eq. 17 or 
ai2.5 j SH; density 1191.2 ; | | | 

Sulphur does not combine directly withf hydrogen even when heated 
in tlmt gas, but with that element, notwithstanding, sulphur forms at 
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least two compounds; one of which, hydrosulphuric acid, is a reagent 
of frequent application and considerable importance. 

Preparation. —(1.) Of those metals which dissolve in dilute sul¬ 
phuric acid, with the displacement of hydrogen, the protosulphidea 
dissolve also in the same acid, but the hydrogen then evolved carries 
off sulphur in combination, and appears as hydro-sulphuric acid 
gas. Tlic protosulpliide of iron, which is commonly employed in this 
operation, is obtained by depriving yellow pyrites, or bisulphide of 
iron, of a portion of its sulphur by ignition in a covered crucible; 
or formed directly by exposing to a low red heat a mixture of 4 jiarts 
of coarse sulphur and 7 of iron fibngs or borings in a covered stone¬ 
ware or cast iron crucible. The sulphide of iron, thus obtained, is 
broken into lumps, and acted upon by diluted sulphuric acid in a 
gas-bottle (fig. 132), exactly as zinc is treated in the'preparation of 

hydrogen gas. Hydrosulphuric acid 
is evolved without the application of 
heat, and should be collected over 
water at 80° or 90°; or if collected in 
a gasometer or gasholder, the latter 
may be filled with brine, in which thi.s 
gas is less soluble than in pure water. 
The gas obtained by this process gene¬ 
rally contains free hydrogen, arising 
from an intermixture of metallic iron 
with the sulphide of iron used. The 
gas may also be evolved from the action 
of hydrochloric acid upon the sulphide of iron, but as it is then im¬ 
pregnated with the vapour of the latter acid, and may also, like every 
gas produced with effervescence, carry over drops of fluid, it should 
always be transmitted through water in a wash-bottle, before being 
applied to any purpose as pure gas. The reaction by which hydro¬ 
sulphuric acid is usually evolved is expressed in the following equa¬ 
tion :— 



FeS and II0.S03=HS and FeO.SOg. 

(2.) Hydrosulphuric acid, without any admixture of free hydro¬ 
gen, is obtained by digesting in a flask A, used as a retort (fig. 133), 
with a gentle heat, sulphide of antimony in fine powder with concen¬ 
trated hydrochloric acid, in the proportion of 1 ounce of the former 
to 4 ounce measures of the latter. The gas of this operation is 
passed through water in a wash-bottle B, and collected over water 
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Fio, 133. 



at 80°, in a bottle C, provided with a good cork. Or, after passing 
through the wash-bottle, it may be carried over chloride of calcium 
in a drying tube, and collected over mercury, but is gradually de¬ 
composed by that metal, which has a strong affinity for sulphur, and 
hydrogen is liberated, without any change of volume. The reaction 
between hydrochloric acid and sulphide of antimony may be thus 
expressed : 

3H Cl and Sb S, = 3HS and Sb CI3. 

Properties .—Hydrosulphuric acid is a colourless gas, of a strong 
and very nauseous odour. Its density is 1191.2, by the experi¬ 
ments of Gay-Lussac and Thenard, and its theoretical spec. grav. 17 
times that of hydrogen. It consists of 2 volumes of hydrogen 
and 1 volume of sulphur vapour, condensed into 2 volumes, wliich 
form its combining measure. Hydrosulphuric acid is partially de¬ 
composed by heat into hydrogen and sulphur; but to obtain complete 
decomposition it is necessary to pass the gas a great many times 
through a porcelain tube placed across a furnace, and strongly heated. 
By a pressure of 17 atmospheres at 50°, it is condensed into a higlily 
limpid colourless liquid, of sp. gr. 0.9, which is of peculiar interest as 
the analogue of water in the sulphur series of compounds: the solvent 
powers of this liquid have not been examined. When cooled to —122°, 
it solidifies, and is then a white crystalline translucent substance, 
heavier than the liquid (Faraday). The air of a chamber slightly 
Impregnated by this gas may be respired without injury, but a small 
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quantity of the undiluted gas inspired occasions syncope, and its 
respiration, in a very moderate proportion, was found by Thenard to 
prove fatal,—birds perishing in air containing 1-] 500th, and a dog 
in air containing l-800th part of this gas. Its poisonous effects are 
best counteracted by a slight inhalation of chlorine gas, as the 
latter may be obtained from a little cliloride of lime placed in the folds 
of a towel wetted with acetic acid. Water dissolves, at 64°, 2-y vo¬ 
lumes of this gas, and alcohol 6 volumes. These solutions soon 
become milky when exposed to air, the oxygen of which combines 
with the hydrogen of the gas and precipitates the sulphur. Those 
mineral waters termed sulphureous, such as Harrowgate, contain this 
gas, although rarely in a proportion exceeding per cent, of their vo¬ 
lume. They are easily recognized by their odour and by blackening sil¬ 
ver. It is also found in foul sewers and ill putrid eggs Of deodourizing 
fluids the solution of nitrate of lead, chloride of zinc, sulphate of iron, 
and sulphate of manganese, appear to be equally efficacious ; the first 
alone decomposing the free gas, but that salt, and all the others named, 
decomposing hydrosiilplmiic acid when in combination with ammonia, 
tlic form in which it usually emanates from putrefactive matter. 

Hydrosulphuric acid is highly combustible, and bums with a pale 
blue flame, producing ivater and sulphurous acid, and generally a de¬ 
posit of sulphur when oxygen is not present in excess. A little 
strong nitric acid thrown into a bottle of this gas, occasions the im¬ 
mediate oxidation of its hydrogen, and often a slight explosion with 
flame, when the escape of the vapour is impeded by closing the 
mouth of the bottle. Hydrosulphuric acid is immediately decom¬ 
posed by chlorine, bromine, and iodine, which assume its hydrogen ; 
hence the odour of this gas in a room is soon destroyed on di(fusing 
a little chlorine through it. Tin, and many other metals, heated 
in tliis gas, combine with its sulphur with flame, and liberate an 
ccpial volume of hydrogen, affording ready means of demonstrat¬ 
ing the composition of the gas. Potassium decomposes one half 
of the gas in that maniuT, aTid becomes sulphide of potassium, 
which unites with the other half without decomjmsition, forming 
the hydrosulphatc of the sulphide of potassium. The action of other 
alkaline metals upon hydrosulphuric acid is similar. 

This compound has a w'eak acid reaction, and forms one of the 
hydrogen-acids. It does not combine and form salts with basic 
oxides, but it unites with basic sulphidc-s, such as sulphide of potas- 
siiun, and forms compounds which are strictly comj)arHblc with 
liydratcd oxidi^s. When hydrosulphuric acid is passed over lime at 
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a red heat, both compounds are decomposed, and water wi& sulphide 
of calcium is formed. The oxides of nearly all the metallic salts, 
whether dfy or in a state of solution, are decomposed by hydrosul- 
phuric acid in a similar manner j but in the salts of those metals of 
which the protosidphide is dissolved by acids, such as salts of iron, 
zinc, and manganese, a small quantity of a strong acid entirely pre¬ 
vents precipitation. The sulpliides are generaUy coloured, and many 
of them are black; hence the effect of liydrosulphuric acid in 
blackening salts of lead and silver, which renders these compounds so 
sensitive as tests of the presence of that substance. Hydrosulphuric 
acid also tarnishes certain metals, such as gold, silver, and brass, so 
that utensils of which these metals arc the basis should not be exposed 
to this gas. 

Bisulphide of hydrogen^ HS^.—^When carbonate of potash is fused 
with half its weight of sulphur, a persulphide of potassium is formed 
containing a large excess of sulphur, which affords a solution in water 
of an orange red colour.- The protosulphide of potassium, with hy¬ 
drochloric acid, gives liydrosulphuric acid and chloride of potassium; 
H Cl and KS = HS and K Cl. But when the red solution of per¬ 
sulphide of potassium is poured in a small stream into hydrochloric 
acid, diluted with two or three volumes of wnter, wliile chloride of 
potassium is formed as before, the hydrosulphuric acid produced 
combines with another equivalent of sulphur, and forms a yellowish 
oily fluid, the bisulphide of hydrogen, which falls to the bottom of 
the acid liquid. Supposing the pcrsulpliide of potassium to be a pure 
bisulphide, then 11 Cl and KS.^ = 11and K Cl. The result of the 
combination in this case appears rather capricious; for if the acid 
and persulphide of potassium be mixed in the other way,—if the acid 
be added drop by drop to the alkvdine sulphide,—then hydrosulphuric 
acid is evolved, the whole excess of sulphur precipitates, and no per¬ 
sulphide of hydrogen is formed. The oily fluid produced by the first 
mode of mixing lias considerable analogy in its properties to the bin- 
oxide of hydrogen, and appears, like that compound, to have a certain 
degree of stability imparted to it by contact with acids, such as pretty 
strong hydrocldoric acid, while the presence of alkaline bodies, oii 
the contrary, give its elements a tendency to separate. This decom¬ 
position has been taken advantage of to obtain liquid hydrosulphuric 
acid, by sealing up bisulphide of hydrogen in a Faraday tube 
(page 60). 

Theuard has observed other points of analogy between these com¬ 
pounds. Like binoxidc of hydrogeu, the bisulphide produces a 
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white Spot opon the skin, and destroys vegetable colours, so that it 
has actually been used in bleaching. The latter compound is so 
resolved into hydrosulphuric acid anti sulphur by all the bpdies wine i 
effect the transformation of the former into water and oxygen; sue i 
as charcoal powder, platinum, iridium, gold, binoxide of manga.ncse, 
and the oxides of gold and silver, wliich last, when the bisulphide is 
dropt upon them, are decomposed in an instant, and even with ignition. 
The bisulphide of hydrogen undergoes spontaneously the same decom¬ 
position, even in well-closed bottles, which are apt, on that account, 
to be broken. It is soluble in ether, but the solution soon deposits 
crystals of sulphur. Thenard finds this body not to be uniform in its 
composition, the proportion of sulphur often exceeding considerably 
2 eq. to 1 of hydrogen ; but the excess of sulphur is ]>ossibly only in 
solution (Amiales de Ch. 2 ser. xlviii. 79). 

SULPHUR AND NITKOGEN. 

of nitrogen ; eq. (52 or 77H ; N S 3 . —^This is a yellow 
pulverulent solid substance of small stability, and which cannot be 
^brined by the direct union of its elements. Tlic liquid bichloride 
of sulphur absorbs ammouiacal gas, producing first a flocculent 
brown matter NH3.SCI2, and afterwards, if the action of ammonia 
is continued, a yellow substance, of which the formula is— 

2 NII3.SCI2. 

Throw'll into w'atcr this yellow matter undergoes decomposition, 
producing liydroclilorate and hyposulphite of ammonia, which dis¬ 
solve, and a yellow powder, which is a mixture ef sul]jhur and the 
sulphide of nitrogen. This powder is (juickly w ;ished w ith a little 
water, dried under the receiver of an air-pump, and finally wjwshed 
several times with ether, wliich dissolves out the free sulphur, and 
leaves the sulphide of nitrogen. 

The sulphide of nitrogen is a yellow' jiow'dcr, which, a little above 
212'’, is decomposed in a gradual manner into sulphur and nitrogen, 
but when sharply heated, violently and with explosion. It is also 
slowly decomposed by cold water, but much more rapidly at the 
temperature of ebullition. The composition of sulphide of nitrogen 
is determined either by boiling a known cjuantity in fuming nitric 
acid, which converts the sulphur into .sulphuric acid; or, by heating 
•a mixture of this substance and metallic cop|>er in a glass tube, setded at 
one caul, aud arranged as a retort, so that the gass evolved may be 
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collected. The copper *and sulphur unite with avidity, and the 
nitrogen is disengaged as gas. 


8ULPHUE AND CAUBON. 


Bisulphide of carbon; sulphocarbonic acid; eg. 38 or 475; 
C Sj.—^Charcoal strongly ignited in an atmosphere of sulphur vapour, 
combines with that element, and forms a compound which holds the 
same place in the sulphur series that carbonic acid occupies in the 
oxygen series of compounds. Tlie bisulphide of carbon is a volatile 
liquid, and may be prepared by distilling, in a porcelain retort, yellow 
pyrites or bisulphide of iron, with a fourth of its weight of well- 
dried charcoal, both in the state of fine powder and intimately 
mixed. 'Die vapour from the retort is conducted to the bottom of a 
bottle filled with cold water, to condense it. Or sulphur vapour 
may be sent over fragments of well-dried charcoal in a porcelain or 
cast iron (not malleable iron) tube, placed across a furnace. The 
product is generally of a yellow colour, ajul contains sulphur in solu¬ 
tion, to free it from which it is redistilled in a glass retort, by a 
gentle heat. # 


Fig. 134. 



For preparing a larger quantity of bisulphide of 
carbon, M. Brunner recommends an earthenwrare 
retort of the form C (fig. 134), two-tliirds filled 
with dry charcoal, having a tube, 5, descending 
through the tubulure a, by which fragments of 
sulphur caji be inteoduced. The retort is raised 
to a red heat in a furnace (fig. 135), and the 
vapour w hich comes over, carried tlirough a con¬ 
densing tube, c d, kept cold by a stream of water, 
and ultimately conveyed to the lower part of a 
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bottle surrounded by cold water, mid also‘containing a little water, 
wliicb floats upon the surface of the condensed liqilid and prevents 
its evaporation. The sulphur is gradually introduced into the retort, 
and, being immediately converted into vapour, produces the bisul¬ 
phide of carbon in traversing the incandescent charcoal. 

The bisulpliide of carbon is a colourless liquid, of high refracting 
power, and sp. gr. 1.272. Its vapour has a tension of 7.38 Paris 
inches (Mai*x) at 50°, and the liquid boils at 110 °; a cold of —80° 
can be produced by its evaporation in vacuo. Tliis compound is ex¬ 
tremely combustible, taking fire at a temperature which scarcely 
exceeds the boiling point of mercury. "When a few drops of the 
liquid are thrown into a bottle of oxygen gas, or nitric oxide, a com¬ 
bustible mixture is formed, which burns, when a light is applied to it, 
with a brilliant flash of flame, but without a violent explosion. The 
bisulphide of carbon is insoluble in water, but it is soluble in alcohol. 
It dissolves sulphur, phosphorus, and iodine. Tlic solution of plios- 
phorus in this liquid is used in clectrot^-ping; objects dipped iii tlic 
solution and dried are left covered by a film of phosphorus, wliich 
gables them to obtain a conducting mchdlic coating when plunged 
luto a solution of copper. 

The obsen'^ed density of the vapour of bisulpliide of carbon is 
2644.7 (Gay-Lussac). It consists of 2 vol. carbon vapour (density 
416) and 2 vol. sulphur vapour (density 2206), condensed into 
2 volumes, which form its combining measure; and is therefore 
quite analogous in condensation to carbonic acid gas. A complete 
analysis of the bisulphide of carbon is obtained, by passing it in 
vapour over a mixture of carbonate of soda and oxide of copper in a 
combustion tube (page 373) at a red heat : the sulphur is oxidized, 
and remains in combustion with the soda as sulphate of soda, while 
the carbon is burnt also, and disengaged as carbonic acid gas, accom¬ 
panied by an equal quantity of carbonic acid liberated from the car¬ 
bonate of soda by the sulphuric acid formed. The carbon alone of 
this substance may be advantageously determined as caibonic acid, 
by a similar combustion with chromate of lead. 

llic bisulphide of carbon is a sulphur acid, and combines with 
sulphur bases, such as tlie sulphide of potassium, forming a class of 
salts which are called sulphocarbonates. Oxygen bases dissolve it 
slowly, and are converted into a mixture of carbonate and sulpho- 
carbonate; thus 2 equivalents of potash with 1 of bisulphide of 
carbon yield 2 ecjuivalents of sulphide of potassium and 1 of car¬ 
bonic acid, which combine respectively with bisulphide of carbon iind 
potash. 
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Solid Hulphide of cafhon. —^The charcoal left in the tube> after 
the process for the former compound, is much corroded, and contains 
a portion of sulphur which cannot be expelled from it by heat. 
]3enM3liu3 considered this sulphur as in chemical combination with 
the carbon. 


SECTION VIII. 

SELENIUM. 

Eq. 39.28 or 491 (Z^. Saco) ; Se; density of vapour unknown. 

This element was discovered in 1817 by Bezelius, in the sulphur 
of Fahlun, employed in a sulphuric acid manufactory in Sweden, and 
was named by him selenium, from 2cX»;v?/, the moon, on account of its 
strong analogy to another element, tellurium, which derives its name 
from tellnsy the earth. It is one of the least abundant of the 
elements, but is found in minute quantity in several ores of copper, 
silver, lead, bismutli, telhuium, and gold, in Sweden and Norway; 
and in combination with lead, silver, copper, and mercury, in tbP 
Ilartz. It is extracted from a seleniferous ore of silver of a mine in 
the latter district, and supplied for sale in little cylinders of the thick¬ 
ness of a goosc-<juilI, and tlirec inches in length, or in the form of 
small medallions of its discoverer. It has also been found in the 
Lipari islands associated with sulphur, and can sometimes be detected 
ill the sulphuric acid both of Germany and England. It is separated 
from its combinations with sulphur and metals by a very cojnplicated 
process, for which I must refer to the works of Beraehus.* 

Properties of selenium, —This element is allied to sulphur, and, 
like that body, exhibits considerable variety in its physical characters. 
When it cools after being distilled, its surface reflects hght like a 
mirror, has a deep reddish brown colour, w'ith a metallic lustre 
resembling that of polished blood-stone ; its density is between 4.3 
and 4.32. When cooled slowly after fusion its surface is rough, of 
a leaden grey colour, its fracture line-grained, and the mass resembles 
exactly a fragment of cobalt. But as selenium does not conduct 
electricity, and its metallic characters are not constant, it is better 
cljxssed with the non-metallic bodies. Its powder is of a deep red 
colour. By heat it is softened, becoming semifluid at 392°, and 

AiiuaU of Philosophy, vul. xiii. p. 401; or Aunalos de Chim. ct de Phya.,xi. 100 ; 
iilso limelius’s Trailc, ii. 184, Paris edition. Didot, 1846. 
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fusing completely ut 482°, It remains a long time soft on 
cooling, and may tlven be drawn out like sealing-wax into thin and 
very flexible threads, which are grey and exhibit a metallic lustre by 
reflected light, but are transparent and of a ruby red colour by trans¬ 
mitted light. It boils about 1292° and gives a vapour of a yellow 
colour, less intense than that of sulphur, but more so than that of 
chlorine. The density of this vapour has not been ascertained. 
When heated to the degree of ignition, selenium emits a pow'erful 
odour, suggesting that of decaying horse-radish, by means of W'hich 
the smallest trace of this element may be detected in minerals, when 
heated before the blow-pipe. The odour was first ascribed to a 
gaseous oxide of selenium, but it is found by M. Sacc that selenium 
heated in perfectly dry air is inodorous, and the odour is now referred 
to the production of a minute quantity of hydrosclcuic acid. 

Selenium combines in two proportions with oxygen, forming sele- 
nious acid, which corresponds with sulphurous acid, and selenic acitl 
corresponding with sulpharic acid. 

Selenioi/Ji acid; ctj. .55.2S or 091; ScOj.—Selenium does not 
Pio. 136. burn in air, but when strongly 

heated in the bend of a glass 
tube a h c, (fig. 136), with a 
current of oxygen passing over 
it, selenium takes fire and 
burns with a flnttie,white at the 
base, and of a bluish green at 
the point and edges, but not 
strongly luminous; selenious 
acid at the same time con¬ 
denses in the upper part of the tube as a wliite sublimate, in long 
quadrilateral needles. Its vapour has the colour of chlorine. The 
same acid is the only product of the action of nitric or nitroinuriatic 
acid upon selenium, and is obtained on slowly cooling the liquor in 
large prismatic crystals, striated lengthwise, which have a considerable 
resemblance to nitre. These crystals are hydrated selenious acid* 
Tills acid is largely soluble, both in water and alcohol. It is decom¬ 
posed when in solution, and selenium precipitated by zinc, iron, or 
sulphite of ammonia, with the assistance of a free acid. The selenite 
of ammonia is also 'decomposed by heat, and leaves selenium. The 
, selenious is a strong acid, displacing nitric and hydrochloric acids 
from their combinations, but is displaced in its turn by the more 
fixed acids, sulphuric, boracic, &c. at a high temperature. (F. Sacc, 
Annales dc Ch. .3 set. xxi. 119.) 
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Selenic acid. Sc O3,—Selenium is brought to this superior state 
of oxidation at a high temperature, by fusion with nitre, a process 
which affords the seleniate of potash. The selenic acid is precipitated 
from that salt by the nitrate of lead; and the insoluble seleniate of 
lead, after being washed, is diffused through water and decomposed 
by a stream of hydrosulphuric acid, which converts the lead into in¬ 
soluble sulphide of lead, and liberates selenic acid. A solution of this 
acid may be concentrated till its boiling point rises to 536°, but above 
that temperature it changes rapidly into selenious acid, with disen¬ 
gagement of oxygen. Its density is then 2.60, and it contains little 
more than a single ecjuivalent of water, and therefore corresponds with 
the protohydrate of sulphuric acid, or oil of vitriol. Selenic acid has 
not been obtained in the anhydrous condition. Zinc and iron are dis¬ 
solved by this acid, with the evolution of hydrogen gas; and with the 
aid of lieat it dissolves copper and even gold, an operation in which 
it is partially converted into selcnious acid. But it does not dissolve 
platinum. To precipitate its selenium, the acid may be digested 
with hydrochloric acid, which occasions the formation of selenious acid 
and the evolution of chlorine, and then sulphurous acid throws dowTi 
the selenium ; for it is singular that selenic acid is not de-oxidized by 
sulphurous acid, although selenious acid is. The compounds of se¬ 
lenic acid with bases, so much resemble the corresponding sulphates, 
in their crystalline form, colour, and external characters, that, they 
can only be distinguished from them by the property wliich the selc- 
niates have of detonating when ignited with charcoal, and causing a 
disengagement df chlorine when hciited with hydrochloric acid. To 
separate the selenic from tlic sulphuric acid, Berzelius recommends 
the saturation of the acids with potash, and the ignition of the dried 
salt, mixed with sal-ammoniac; the selenic acid is decomposed by the 
ammonia and reduced to the state of selenium. 


SECTION IX. 

PHOSPHORUS. 

Eq- 400 or S2; P; density of vayour 4327 ; I_ I 

This remarkable element appears to be essential to the organization 
of the higher animals, being found in their fluids, and forming, in the 
state of phosphate of lime, the basis of the solid structure of the 
bones. It is also found in most plaiits^t and in a few minerals. 
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Phosphorus was first obtained by Brand of Hamburgh in 1660, btit 
Kunkel first made public a process for preparing it, which was after¬ 
wards improved by Margraff and by Scheelc. Its ready inflamnni- 
bility, from which phosphorus derived its name, has always made 
this substance an object of popular interest; while the singularity, 
importance, and variety of the phosphoric compounds have drawn to 
them no ordinary share of the attention of chemists. 

PrepdTUtion ,—Phosphorus is not a substance that can be easily 
prepared on a small scale, but ever since the time of Godfrey Hank- 
witz, to whom Mr. Boyle communicated a process for preparing it, 
phosphorus has been manufactured in London, in considerable quan¬ 
tity and of great purity, for the use of chemists. Tlie earth of bones 
is decomposed by 2-3rds of its weight of sulphuric acid, and the in¬ 
soluble sulphate of lime separated by filtration from the soluble 
phosphoric acid, which passes through with a quantity of phospliatc 
of lime in solution. The acid liquor is then evaporated to the con¬ 
sistence of a syrup, and mixed with charcoal to form a soft paste, 
which is rubbed well in a mortar, and then dried in an iron pot with 
constant stirring till the mass begins to be red hot. It is allowed to 
cool, and introduced as rapidly as possible into a stoneware retort, 
previously covered with a coating of fire clay. Tlie beak of the retort 
is inserted into a wider copper tube of a few feet in length, the frt« 
end of which is bent downwards a few inches from its extremity ; and 
the descending portion introduced into a wide-mouthed bottle, con¬ 
taining enough of water to cover the extremity of the tube to the ex¬ 
tent of a line or two. Tlie heat of the furnace in \vtlich the retort is 
placed is slowly raised for three or four hours, and then urged 
vigorously till phos[)horus ceases to drop into the water from the 
copper tube, which may continue from fifteen to thirty hours, 
according to the size of tlie retort. Carbon at a high temperature 
takes oxygen from the phosphoric acid, mid becomes carbonic oxide, 
so the jphosphorus in distilling over is accompanied all along by 
tlir^gas. 

Wohler recommends, instead of the preceding process, to calcine 
ivory black, which is a mixture of phosphate of lime and cliarcoal, 
with fine quartzy sand and a little more ordinary charcoal, in cylin¬ 
ders of fire clay, at a very high temperature. Each cylinder has a , 
bent copper tube adapted to it, one branch of which descefids into a 
vessel containing water. The efficiency of Wolilcr^s process depends 
upon the silica acting as an acid, and combining with the lime of the 
phosphate, at a high temperature, while the liberated phosphoric acid 
is decomposed by the carbon. 
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Properties .—At tlie usual temperature phosphorus is a translu¬ 
cent soft solid of a light amber colour, which may be bent or cut 
with a knife, and the cut surface has a waxy lustre. Its density is 
1.77. Phosphorus melts at 108®, undergoing a remarkable dilata¬ 
tion of 0.0134 of its volume, and becoming transparent and colour¬ 
less immediately before fusion. It forms a transparent lujuid, 
possessing, like most combustible bodies, a high refracting power. 
At 217® it begins to emit a slight vapour, and boils at 550®, being 
converted into a vapour which is colourless, of sp. gr. 4355, accord¬ 
ing to the experiment of Dumas, which coincides almost with the 
theoretical density 4327. Its combining measure, like that of 
oxygen, is 1 volume, allowing its ccpiivalent to be 32. When fused 
and left undisturbed, it sometimes remains licpiid for hours at the 
usual temperature, particularly when covered by an alkaline liquid, 
but becomes solid wdien touched. Phosphorus, when very pure, 
exliibits, by rapid cooling from a high temperature, a modification 
analogous to that which sulphnr undergoes in the same circum¬ 
stances, but which is not so easily produced. Light causes it, in 
all circumstances, to assume a red tint; to avoid which action phos¬ 
phorus is usually preserved in au opaque bottle. Phosphorus cannot 
be crystallized from a state of fusion, for this substance passes in a 
gradual manner from the liquid to the solid condition, a circum¬ 
stance which is always opposed to crystallization; but from its solu¬ 
tion in hot naphtha it may be obtained, in cooling, in rhomboidal 
dodecahedrons of the regular system. It is quite insoluble in water, 
but soluble to sintJl extent, with the aiil of licat, in fixed and vola¬ 
tile oils, in bisulpliide of carbon, of which 100 parts dissolve 20 of 
phosphorus j in chloride of sulphur, sulphide of phosphorus, and 
ether. 

Phosphorus undergoes oxidation iji the open air, ainl difiuses 
white vapours, w'hicli have^a peculiar odour, suggesting to some that 
of garlic, and arc luminous iu the dark; and at the ^ainc time the 
phosphorus becomes covered with acid drops, which arise from the 
phosphorous acid, produced in these circumstances, attracting the 
humidity of the air. This slow combustion is attended with a sen¬ 
sible evolution of heat, and may terminate in the fusion of the plios- 
phoriis, and its inflammation with combustion at a high temperature. 
There is a necessity for caution, therefore, in handling phosphorus, a 
bum from this body in a state of ignition being in general exceed¬ 
ingly severe. It is preservetl under the surface of water. The low 
combustion of phosphorus has been particularly studied. It is not 
observed a few degrees below 32®, but is sensible at that tempera- 
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tore, and increases perceptibly a few degrees above it. The presence 
of certain gaseous substances, even in minute quantity, has a remark¬ 
able effect in preventing the slow combustion of phosphorus; thus 
at 66° it is entirely prevented by the presence of. 

Volumes of Air. 

I volume of olefiant gas in ... 450 

1 volume of vapour of sulplmric ether in - 150 

1 volume of vapour of naphtha in - - 1820 

1 volume of vapour of oil of turpentine in - 4444 

and the influence of these gases or vapours is not confined to low 
temperatures, a certain admixture of idl of them defending phos¬ 
phorus from oxidation even at 200°. But on allowing such a 
gaseous mixture to expand, by diminishing the pressure upon it to a 
half or a tenth, the phosphorus becomes luminous, and the propor¬ 
tion of foreign gtis required to prevent tlie slow combustion must 
be greatly increased. The only explanation of this phenomenon 
which can be ofiered at present, is tliat the gases which exert this 
influence have an attraction for oxvcen, and there is reason to be- 
lieve are themselves undergoing a slow oxidation at the same time. 
Now when two oxidable bodies are in contact. One of them often 
takes precedence in combining with oxygen, to the entire exclusion 
of the other. Potassium is defended from oxidation in air by the 
same vapours, although to a less degree.* It is curious, that in 
pure oxj^gen, jfliosphorus may remain without oxidating at all, at 
temperatures below (50°, but an inconsiderable rarefaction of the gas, 
from diminution of the pressure upon it, will cause the phosphorus 
to burst into the luminous condition. The dilution of the oxygen 
with nitrogen, hydrogen, or carbonic acid, produces the same eftcct. 
When gradually heated in air, phosphorus generally catches tire, and 
begins to undergo the high combustion, lieforc its temperature has 
risen to 140° *. of this high combustion, the sole product is phos¬ 
phoric acid. The inflammability of phosphorus, however, is greatly 
increased by its impurities, particularly by the presence of the red 
oxide of phosphorus. 

The phosphorus matches now universally employed for procuring 
a light, are generally the wooden sulphur match, ivith an additional 
coating, applied to its extremity, of a paste containing phosphorus, 
which, when dry, will ignite by friction. The materials' lulded to 


* Quarterly Journal of Science, N.S. vol. vi. p, 88. 
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this paste^ to promote the comt)ustion of the phosphorus, are chlorate 
and nitrate of potash, or certain metaUic oxides, such as the binoxide 
of manganese or sesquioxide of lead (minium), which abandon 
readily a portion of their oxygen. The snap, or little detonation 
which attends the ignition of tliese matches, is caused by the chlo¬ 
rate of potash, and is obviated by substituting nitre for that salt; 
although, to give the proper inflammability, a small proportion of 
chlorate is found to be indispensable. The phosphorus paste is 
made by melting phosphorus in a vessel with a certain quantity of 
water at 120®. The requisite proportion of chlorate or nitrate of 
potash is dissolved in this water, and the metallic oxides added, if 
the latter are used, and then enough of gum to thicken the liquid. 
The whole are well triturated together, in a mortar, till the globules 
of phosphorus cease to be visible to the eye; and the mass is 
coloured blue with Prussian blue, or red with minium. The points 
of the matches already sulphured are dipped into this paste, so as to 
cover their extremities, and then cautiously dried in a stove. The 
gum on drying forms a varnish, which defends the ijhosphorus from 
oxidation by the air till the surface is abraded by friction, when 
the phosphorus first take^ fire and communicates its combustion to 
the sulphur, which again ignites the wood of the match. 

Phosphorus is susceptible of four different degrees of oxidation, 
tlic highest of wliich is a powerful acid, while the acid character is 
not absent even in the lowest. These compounds are:— 


Oxide of phosphorus - - - 2P-f O 

Hypo{)hosphorous acid - - - P + O 

Phosphorous acid - - P + 30 

Phosphoric acid - . - - P -f 50 


OXIDE OF PHOSPHORUS. 

Eq, 72 or 900; P3O. 

When burned in air or oxygen, phosphorus generally leaves belimd 
it a small quantity of a red matter, which is an oxide of phosphorus. 
The same compound is obtained, in larger quantity, by directing a 
stream of oxygen gas, upon melted phosphorus, under hot water, 

2 F 
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and was found by Pelouze to contain 8 equivalents of phosphorus to 
a of oxygen.* 

But this oxide is impure, and the definite oxide appears to liave 
been first obtained by Iieverrier.i" His process is to expose to the 
air small fragments of phosphorus covered by the liquid cliloridc of 
phosphorus (PCI3), in an open boU-liead. Phosphoric acid is 
formed, and also a yellow matter, which he finds to be a phosphate 
of the oxide of phosphorus, and which gives a yellow solution with 
water. This solution is decomposed about 176°, and a flocculent 
yellow matter subsides, nliich is a hydrate of the oxide of phos¬ 
phorus, nearly insoluble in water. This compound abandons its 
combined water, wlien dried in vacuo over sulphuric acid, or when 
cooled below 32°, when the water separates as ice, and oxide of 
phosphorus remains perfectly pure. 

The oxide of phosphorus is a powder of a canary yellow colour, 
denser than w^ater, and soluble neither in water, alcohol, nor ether. 
It may be kept in dry air without change. It resists a temperature 
of 570° without decomposition, but assumes a lively red colour; 
and does not take fire in air till heated a little above the boiling 
point of mercury. This oxide absorbs dry ammoniacal gas, and 
appears to form feeble combinations witli the fixed alkalies. Lever- 
rier assigns to its hydrate tlic composition P^O-j-SllO, and to its 
])liosphatc, -f 3PO5- 


IIYPOPHOSPHOROUS ACID. 

S'y. 40 or 500; PO; ivjt imlahle. Formula of a Tlypophos- 

phite, MO.PO + 2HO. 

This acid was discovered in 1816 by Dulong.J It was obtained 
by the action of water uj)on the phosphide of barium, of which the 
phosphorus of one portion oxidates and becomes the acid in (jues- 
tion, at the expense of the water, while the phosphorus of another 
portion, combining with the hydrogen of the \vater, produces phos- 
pliurettcd hydrogen gas. Rose prepares the same hypophosphitc of 
baryta by boiling phosphorus in a solution of caustic baryta, till d\ 
the phosphorus disappears and the vajiours have no longer the smell 

* Annalca de Chiin. ct <lc I’hys, 1. 83. 

t Atmnlcs de Chim. ct dc Phys. liv. 2.57. 

t Aiinales dc Ohim. et de Phya. ii. 141. * 
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of garlic.* Wurtz uses sulphide of barium. To separate the hyphos- 
phorous acid from the baryta, diluted sulphuric acid is added, which 
precipitates the latter. To remove again the excess of sulphuric 
acid unavoidably added, the acid liquid is saturated with oxide of 
lead, which forms a soluble hypophosphite of lead and an insoluble 
sulphate of lead. Tlic latter is separated by filtration, and the lead 
thrown down from the filtrate by a stream of hydrosulphuric acid 
gas. The acid remaining in solution may be concentrated with cau¬ 
tion to the consistence of a thick syrup, but affords no crystals. 
More strongly heated, the hydrate of hypophosphorous acid under¬ 
goes decomposition, being converted into phosphoric acid, with the 
evolution of phosphuretted hydrogen and a deposition of phos- 
j)horus. I’lie anhydrous acid PO has never been obtained, 3 eq. of 
water being essential to its composition; namely, 1 eq. as base, and 
2 cq., wluch appear to form elements of the acid itself (Wurtz). 
Hence tlie formula of the acid is HO.PO- 1 -2110; or, believing 
with Wurtz, that both the oxygen and hydrogen, of 2 HO, are nega¬ 
tive elements of tlie acid, like the oxygen in phosphoric acid, the 
formula is HO.PH 2 O 3 , corresponding with the protohydrate of 
phosphoric acid HO.PO 5 . 

llyj)ophosphorous acid is colourless, viscid, and sour to the taste. 
It withdraws oxygen from the sesquioxide of lead, and some other 
metallic oxides. When heated with sulphuric acid it clianges the 
latter into sulphurous acid, and also produces a deposit of sulphur, a 
j)ropcrty by which it is distinguished from phos])horous acid, the 
complete dcconqmsition of sulphuric acid not being effected by the 
latter acid. Hypojdiosphoroiis acid also decomposes sulphate of 
copjjcr in solution, ]>roducing, when the temperature is only slightly 
raised, a solid insoluble compound of that metal with hydrogen, the 
hydride of copper discovered by IM. Wurtz, and at the boiling point 
a deposit of metallic copper M'ith the evolution of hydrogen gas. 

The hypophosphites are all soluble in water, and the salts of the 
magnesian family, such as those of magnesia and cobalt, crystallize 
well. They arc easily obtained by decomposing the hypophosphite 
of baryta by the soluble sulphates. The dry hypophosphites are 
permanent in air, but their solutions, evaporated by heat, absorb 
oxygon. They all contain the 2 equivalents of water which are 
essential to the constitution of a hypophosphite.t 

* It. Rose, Bur lea Ilypophospliites, Annules dc Chiin. ct de Phys. xxxviii. 258. 

ib Wurtz, Annalea dc Chim. ct dc Fhys. 3 scr. vii. 35 and xvi. 190. Also, II. Ruse, 
a. viii. 364. 
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Eq. 58 or 800; PO 3 . Formula of a Plwfiphite, 

2M0.P03 + n0. 

Preparation. —Tliis acid is the principal product of the slow 
combustion of pliosphorus, but cliaiigeg after its formation into 
phosphoric acid, from the further absorption of oxygen from the 
air. It may be obtained in the anhydrous condition by burning 
pliosphorus ndth imperfect access of air. Berzelius recommended for 
tliis operation a tube of glass, about 10 inches in length and ^ inch in 
diameter, which is nearly closed at one end, an opening no greater 
than a large pin-hole being left there, and at a distance of an inch 
from this extremity the tube is bent at an obtuse angle. A small 
fragment of phosphorus is introduced into the angle of the tube, 
and heated till it takes fire. It burns with a pale greenish flame, 
and the phosphorous acid produced is carried along by the feeble 
current of air, and condenses in the ascending part of the tube, as a 
white powder, volatile but not in the slightest degree crystalline. 
The phosphorus must not be so much heated as to cause it to sub¬ 
lime unchanged. In contact with air, phosphorous acid is apt to 
iiiilame, from the heat occasioned by the condensation of moisture, 
and is converted into ]ihosphoric acid. The phosphorous acid of the 
preceding process is immediately soluble in water, while the phos¬ 
phoric acid, which sometimes accompanies it, remains for a short 
time undissolved, in the ffinn of white translucent flocks. 

Hydrated phosjdiorous acid is obtained by throwing a few drops 
of water on the hquid ter-chloride of phosphorus (P CI3), when that 
compound evolves hydrochloric acid gas, and gives hydrated phos¬ 
phorous acid. 

PCI 3 and 3110 = PO 3 and 3 HCl. 

The hydrated acid is also obtained by the method of Droquet, 
Two or three ounces of phosphorus are melted in a cylindrical glass 
receiver or sealed tube, of 10 or 12 ’ inches in length, and nearly 
an inch in diameter, and the tube filled up with water. This tulm, 
which will contain a column of fluid phosphorus of 5 or 6 inches 
in height, is then properly disposed in a bason or bolt-lnjad of 
warm water, so as to retain the phosplmrous fluid. Clilorine gas 
is conveyed by a quUl tube, from a flask in which it is gcncrated,^to 
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the bottom of the fluid phosphorus, where combination takes place 
with ignition, and the chloride of phosphorus is formed. This 
chloride is dissolved by the water covering the phosphorus, and con¬ 
verted into hydrochloric acid and phosphorous acid. The chlorine 
must be transmitted very slowly through the phosphorus, as any 
portion of that gas wliich reaches the water converts the phosphorous 
into phosphoric acid; and the absorption of the chlorine by the phos¬ 
phorus is most complete when it is free from any other gas. When 
the remaining phosphorus fixes, upon cooling, the acid fluid may be 
poured off, and concentrated by boiling, till it becomes syrupy and 
the volatile hydrochloric acid is entirely expelled. 

Properties. —In its most concentrated state, the hydrate of phos¬ 
phorous acid contains three equivalents of water, and crystallizes in 
transparent prisms. When heated it is resolved into hydrated phos¬ 
phoric acid, and pure phosphuretted hydrogen gas, which is not 
spontaneously inflammable as so prepared. The solution of phos¬ 
phorous acid absorbs oxygen from the air slowly, if concentrated, but 
quickly when dilute. Like sulphurous acid, it takes oxygen from 
the oxide of mercury, wlien heated with it, and decomposes also th<i 
salts of gold and silver. It is one of the more feeble acids. 

Phosphites. —The class of phosphites, wliich has been examined, 
is bibasic, that is, they contain 2 eq. of biise to 1 of phosphorous acid. 
They also retain 1 cq. of water, the elements of which arc proved 
by Wurtz to enter into the constitution of the acid. Phosphorous 
acid is thus represented with 5 negative equivalents PHO"*, like 
phosphoric acid PO 5 . Much information respecting the phosphites 
is contained in the papers of Berzelius.* 

Analysis of lihosphorous and hi/pophosphorous acids. —The 
composition of both phosphorous and hypophosphorous acid is de¬ 
termined by adding nitric acid to their solutions, by which they arc 
converted into phosphoric acid. But the weight of the resulting 
phosphoric acid cannot be obtained by simply evaporating its solu¬ 
tion to dryness, as that acid retains an indefinite quantity of water in 
combination. It is necessary to add to the liquid a weighed quantity 
of oxide of lead, more than sufficient to neutralize the phosphoric 
jicid and what remains of the nitric acid. The whole is then evapo¬ 
rated to dryness in a platinum capsule, and heated sufficiently to expel 
the nitric acid from the nitrate of leatl formed. The water, pre¬ 
viously combined with the phosphoric acid, is displaced by the oxide 


Annales dc C'him. ct d« Phys. ii. 151, 217, 329, et x. 27S. 
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of lead, and escapes, leaving only phosphate of lead with the excess 
of oxide of lead. This residue is wciglied, and the original weight 
of oxide of lead is deducted from it to obtain the weight of dry 
phosphoric acid. The composition of phosphoric acid being known 
(32 phosphorus and 40 oxygen), the quantity of phosphorus in the 
phosphoric acid of the experiment is obtaiiied by a simple calculation. 

Further, if a stream of clilorinc gas be transmitted through a solu¬ 
tion of hypophosphorous acid, it is converted into phosphoric acid 
by the oxygen of water wliich is decomposed. The chlorine uniting 
with the hydrogen of the water, at tlie same time, and becoming 
hydrochloric acid, the quantity of tlic latter acid produced supplies 
a measure of the oxygen required to convert the hypophosphorous 
acid into phosphoric acid. 

The composition of phosphorous acid may also be deduced from the 
analysis of terchloridc of phosphorus, which can be made very exactly. 
One hundred grains of that liquid compound being mixed with wntcr 
in a flask, it is instantaneously converted into hydrochloric and phos¬ 
phorous acid; and by tlie addition of a little nitric acid tlic latter acid 
is changed into phosphoric acid. The chloride of silver, precipitated 
by a solution of nitrate of silver added in excess to the acid liquid, 
will weigh 310.85 grains, and contains 76.85 grains of chlorine. 
Hence 100 grains of tcrchloride of phosphorus contain 76.85 
gntins of chlorine, and the remaining 23.14 grains is phosphorus. 
But these numbers arc in the proimrtion 32 phosphorus and 106.5 
chlorine, or 1 cq. of the former, and 3 cq. of the latter; giving 
P Cia as the composition of the terchloridc of phosphorus. Finally, 
as phosphorous acid is formed from the terchloridc of phosphorus, 
by replacing the chlorine by an equivalent quantity of oxygen, it 
follows evidently that the composition of pliosphorous acid is PO-j. 

PirOSPHORIC ACID. 

Fj^i. 72 or 900 ; POg; forms three hydrates and three classes 
of Halts: 

hormtila if a Monobasic phosphate^ or Metaphos- 

Vhate .MO-POg 

“ Fibasic phosphate^ fir Pyrophosphate 2MO.POg 

** Trihasie phosphatCy or Phosphate , SMO.POg 

Preparation. To obtain this acid in a state of purity, a conve¬ 
nient process is to set fire to about a drachm of phosphorus upon 
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a little metallic capsule^ placed in the centre of a large stone¬ 
ware plate, and immediately cover it by a dry bell jar of the largest 
size. The pliosphorus is converted into white flakes of phosphoric 
acid, which are retained, with very little loss, within the bell jar, and 
fall upon the plate like snow. 

The process may be made a continuous one, and a large quantity 
of phosphoric acid prepared by the arrangement of figure 139. The 
phosphorus is burned within a lai'ge glass balloon A, having three 

tubulures, which 
has been well 
dried before hand. 
The cork of the 
upper tubulure 
is traversed by a 
long tube, a A, 
open at both ends, 
and about half an 
inch in diameter, 
and which de¬ 
scends to about 
the centre of the 
globe. A little 
capsule of plati¬ 
num or porcelain v is attached, by means of platinum wires, below 
the lowTr opening of this tube. To the second tubulure d a drying 
tube C, containing pumice soaked in oil of vitriol, is attached; and 
to the third tubulure g a somewhat wide bent tube, g //, of which the 
other extremity descends into a well-dried bottle B. This last vessel 
is placed in communication, by means of the tube k /, with any aspi¬ 
rating apparatus, by means of which a continuous current of air is 
determined, wdiich penetrates by the tube C, where it is dried, and 
traverses the whole apparatus. A fragment of phosphorus is now 
dropt upon the capsule r, by the tube a b, lighted by a hot wire, and 
the upper opening a then closed by a cork. 'VYhen the combustion 
is completed, another fragment of phosphorus is added, always taking 
care to dry the fragment carefully with filter paper before its intro¬ 
duction, The phosphoric acid produced is partly deposited in the 
globe A, and partly carried forward into the bottle B. It is thus| 
obtained quite anhydrous. 

The dry phosphoric acid is distinguished by the same shade of 
white, absence of crystallization, and perfect opacity, as solid carbonic 


Fio. 139. 
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acid. Exposed for a few minutes to the air, it deliquesces, and 
when the solid acid is collected in a wine-glass, and a few drops of 
water are thrown upon it, it is converted into a hydrate with explo¬ 
sive ebullition, from the heat evolved. The anhydrous acid is per¬ 
fectly fixed, unless in the presence of aqueous vapour, when it 
sublimes away, jjrobably in the state of a hydrate. 

Phosphorus may likewise be oxidated by means of nitric acid. In 
this operation, the fuming nitric acid should be diluted with an equal 
bulk of water, to avoid accidents from the violent action of the acid, 
which may cause the phosphorus to be projected in a state of ignition; 
the diluted acid is boiled upon the phosphorus, and being afterwards 
evaporated to dryness, it yields a hydrated phosphoric acid. 

Phosphoric acid is also obtained in large quantity from calcined 
hones, which are reduced to a fine powder and mixed with 4-5ths of 
their weight of oil of vitriol, previously diluted with 4 or 5 times its 
bulk of water, as in the preparation of phosphorus (page 430). Car¬ 
bonate of ammonia is then added to the filtered solution of phosphoric 
acid, and the resulting phosphate of ammonia being evaporated to 
dryness and heated to low redness in a platinum crucible, a hydrated 
phosphoric acid remains, in a fused state, which is known as glacial 
phosphoric acid, from its resemblance to icc. 

To exhibit many of its properties phosphoric acid must he first 
dissolved in water, wlien the compound is found to be marked by an 
inconstancy and variableness in its characters, most unusual in a 
strong acid. This arises from the circumstance that it is not actual 
phosphoric acid which dissolves in water, any more than it is true 
sulphuric acid which dissolves in water wdicn oil of vitriol is added 
to that fluid. It is a hydrate of both acids, which is soluble; the 
phosphate of water in the one case and the sulphate of water in the 
other. But the phosphoric acid difiers from tlie sulphuric, in a sin¬ 
gular and almost peculiar capacity to form tlirec different salts of 
water, instead of one only ; and these three phosphates of water are 
all soluble without change, and exhibit properties so different, tliat 
they might be supposed to contain three different acids. "When the 
dry acid from the combustion of phosphorus is thrown into w'atcr, it 
produces a mixture, in variable proportions, of the three hydrates; 
but each of them may be had separately, and in a state of purity, by 
a particular process. 

Terhydratej or trihanic phoftphate of water, 3 HO 4 -PO 5 .—^Tlie 
common phosphate of soda of pharmacy may be had recourse to for 
all the hydrates of phosphoric acid j but it should be first dissolved 
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and crystallized anew to purify it. To a warm solution of the pure 
phosphate of soda in a bason, a solution of acetate of lead in distilled 
water is added, so long as it occasions a precipitate; the phosphate of 
soda requires rather more than an equal weight of acetate of lead. 
Tlie dense insoluble phosphate of lead which precipitates, is washed, 
and being afterwards suspended in cold water, is de-composed by a 
stream of hydrosulphuric acid gas sent through it. The liquid may 
then be warmed, to expel the excess of hydrosulphuric acid, and fil¬ 
tered from the black sulphide of lead: it is very sour, and contains 
the terhydrate of phosphoric acid. The characters of this acid solu¬ 
tion arc, to give a yellow precipitate with nitrate of silver, to give a 
gran ular crystalline precipitate with ammonia and sulphate of mag¬ 
nesia—the phosphate of magnesia and ammonia, to yield the common 
phosphate of soda when neutmlized with carbonate of soda, to 
form salts whicli have invariably 3 cq. of base to 1 of phosphoric 
acid, and to be unalterable by boiling its solution or keeping it for 
any length of time. The class of salts which this hydrate forms are 
the old phosphates, which have long been known, and it is convenient 
to allow them to be particularly distinguished as the phosphates or 
the common phosphates. 

Deuto-hydrate of phoftjihoric ncidy or bihaftic phosphate of 
watery SHO + POg.—Dr. Clark first discovered that when the phos¬ 
phate of soda is heated to redness, it is completely changed, and after 
being dissolved in water affords crystals of a new' salt, which he 
named the pyrophosphate of soda,—an obser\'ation wdiich led to inte¬ 
resting results*. If a solution of this salt, wliich it is not necessary 
to crystallize, be precipitated by acetate of lead, the insoluble salt of 
lead w'ashed and decomposed by hydrosulphuric acid, as before, an 
acid liquor is obtained wdiich contains the deuto-hydrate of phosphoric 
acid. It must not be w'armed to expel the excess of hydrosulphuric 
jMiid, but be left in a shallow bason for twenty-four hours to permit 
ihe escape of that gas. This acid, when neutralized wdtli carbonate 
of soda, gives Dr. Clark's pyrophosphate of soda. It also gives 
a white precipitate with nitrate of silver; all the salts which it forms 
have uniformly two eq. of base. They w’ere named the pyrophos^ 
phateSf and since that term has come into use, it is not likely to be 
superseded by the systematic, but rather inconvenient designation of 
bibasic phosphates. A dilute solution of the deuto-hydrate of phos¬ 
phoric acid may be preserved for a month without sensible change, but 

* Edinburgh Journal of Science, vol. vii. p. 298, (182C}; or Annales de Chim. ct de 
Phys. xli. 270. 
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when the solution is exposed for some time to a high temperature, it 

passes entirely into the terhydrate. 

Protohydrate of phos 2 )horic acid. —If the biphosphate of soda be 
heated to redness, a sidt is formed, which treated in a similar manner 
wdth the last, gives an acid licjuid, containing the protohydrate of 
phosphoric acid. To prepai'e the biphosphate itself, a solution of the 
terhydrate of phosphoric acid is added to a solution of common phos¬ 
phate of soda, till it is found that a drop of the latter is no longer 
precipitated by cliloride of barium. The biphosphate of soda, which 
is now in solution, can only be crystallized in cold weather. The 
glacial phosphoric acid also is in general almost entirely the protohy¬ 
drate. This hydrate is characterized by producing a white precipitate 
in solution of albumen, wliich is not disturbed by the other hydrates, 
and in solutions of the salts of earths and metallic oxides, pre¬ 
cipitates which arc remarkable semifluid bodies, or soft solids, 
without crystallization. All these salts contain only one eq. of 
base to one of acid, like the protohydrate of the acid itself. The 
name metaphoaphates was ajrplied to the class by inyseK, to mark 
the cause of the retention of peculiar properties by their acid, when 
free and in solution; namely, that it was not then simply phosphoric 
acid, but phosphoric acid for/ether with water.* This is the least 
stable of the hydrates of phosphoric acid, being converted rapidly, by 
the pbuUition of its solution, into the terhydrate. If the terms me- 
laphoftphoric acid and pyrophosphoric acid are employed at all, it 
is to be remembered that they are applicable to the proto and deuto- 
hydrates, and not to the acid itself, wdiich is the same in all the hy¬ 
drates. But to prevent the chance of misconception, mel aphosphatc 
of water and pyTophosphate of water might be substituted for the 
former terms. 

A solution of the terhydrate of phosphoric acid, evaporated in 
vacuo over sulphuric acid, crystalh'zes in tliin plates, which are ex¬ 
tremely deliquescent. The deutohydrate has also been obtained in 
crystals. ^ hen heated to 400°, the terhydrate loses a portion of 
water, and becomes a mixture of the deuto and protohydrates j and 
by heating it to redness for some time, the proportion of water may 
be reduced to 1 equivalent, or ])crhaps even less than this; and such 
is the composition of glacivil phosphoric acid. But at that high tem¬ 
perature much of the hydrated phosphoric acid passes off in vapour. 
The solution of phosphoric acid is not poisonous, nor when conccn- 

Researches on the Arseuiates, Phosphates, and Modifications of Phosphoric Acid’ 
Phil. Trans. 1833, p. 233 or Phil. Mag. 3rd scries, vol. iv. p. 401. 
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trated does it act as a cautery, but it injures the teeth from its pro¬ 
perty of dissolving phosphate of lime. The soluble phgsphates, 
which arc not acid, give a precipitate with chloride of barium, which 
is the phosphate of baryta. This phosphate, in common with all the 
insoluble phosphates, is dissolved by nitric acid, hydrochloric acid, 
and even acetic acid, a property by which it is distinguished from 
sulphate of baryta. A solution of phosphate of lime in phosphoric 
acid has been prescribed in rickets, a disease which indicates a defi¬ 
ciency of earthy phosphates in the system. The phosphate of soda, 
also, is given as a mild aperient; its taste is saline, but not disa¬ 
greeably bitter. 

Phosphates *—^The formation of three classes of phosphates from 
the tlu’ee basic hydrates of phosphoric acid, affords an excellent fllus- 
tration of the formation of compounds by substitution; the quantity 
of fixed base, such as soda, with which phosphoric acid combines in 
the humid way, being entirely regulated by the proportion of water 
previously in union with tlic acid, which is simply replaced by the 
fixed base. Thus, the protohydrate of pliosphoric acid combines 
with no more than one, and the deutohydrate with no more than two 
e(juivaleiits of soda, although a larger quantity of alkali be added to 
it. The excess of jdkali remains free. Again, supposing an equiva¬ 
lent quantity of the terhydraie of phosphoric acid in solution, and 
one equivalent of soda added to it, one equivalent only of water is 
displaced, and two retained, and a phosphate formed, containing one 
of soda and two of w'ater as bases; the salt already adverted to 
under its old name of biphosphate of soda. Let a second equiva¬ 
lent of soda be added to tliis salt, and a second basic equivalent of 
water is displaced, and a tribasic salt produced, containing two 
of soda and one of w'uter as bases, which is the common phosphate of 
soda of pharmacy. A tliird equivalent of soda added to the last salt 
displaces the last remaining equivalent of basic water, and a tribasic 
phosphate is formed, of wliich the whole three equivalents of base 
are soda, and which has the name of subphosplmte of soda. But 
this last salt can unite with no more soda. The same tluee salts may 
be formed by means of the tribasic phosphate of water, in another 
manner. That acid hydrate decomposes cldoride of sodium, but only 
to a certain extent, expelling hydrochloric acid, so as to acquire one 
of soda, and becoming ^lIO.NaO-pPOg, or the biphosphate of soda 
already referred to ; the same acid hydrate applied to the carbonate or 
the acetate of soda, can assume two proportions of soda, displacing 
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twice as much of the weaker carbonic and acetic acids, as of the hy- 
drocliloric acid, and so becomes II 0 . 2 Na 0 +I* 05 , or the common 
phosphate of soda; and tlie same acid hydrate applied to the hy¬ 
drate of soda (caustic soda), assumes tluec of soda, and becomes 
3 NaO + PO5, or the subpliospliate of soda. 

Prom soluble tribasic phosphates, such as those mentioned, inso¬ 
luble salts may be precipitated, which are likewise tribasic, by adding 
solutions of most metallic salts. Thus 1 equivalent of the common 
phosphate of soda, added to the nitrate of silver in excess, decomposes 
3 equivalents of it, and produces the yellow tribasic phasphate of 
silver, as explained in the following diagram, in wliich the name of a 
substance is understood to express one equivalent of it, and the 
figures, numbers of equivalents:— 


Before decomposition. 


Phosphate 
of soda 

3 Nitrate 
silver 


'" 2 Soda. 

< ^^'ater . . . . 
Phosphoric acid 

S 2 Nitric acid . . 

Nitric acid . . 
,3 Oxide of silver 


After decompoeilioa. 
Nitrate of soda 
-7 Nitrate of water 


‘Phosphate of silver 
(Tribasic phosp. silv.) 


Here, then, is exact mutual decomposition, but it is attended with a 
plicTiomenon which does not occur when other neutral salts decom¬ 
pose each other. The liquid docs not remain neutral, but becomes 
highly acid after precipitation; the reason is, that one of the new pro¬ 
ducts is the nitrate of water, or hydrated nitric acid ; and consequently 
the products, although neutral in composition, are not neutral to test 
paper. 

Tlie })yrophosphatc of soda, which is bibasic, decomposes, on the 
other hand, two proportions of nitrate of silver, and gives a pyrophos¬ 
phate or bibasic pliosphate of silver, which is a white precipitate; thus— 


Before decomposition. 

PjTophosphate c2 Soda. 

of soda t Phosphoric acid 

2 Nitrate of f 2 Nitric acid . . 

silver 12 Oxide of silver 


After decomposition. 



2 Nitrate of soda 

Pyroplios. of silv. 
(Bibasic phos, sil.) 


Here there is no salt of water among the products, and consequently 
the liquid is neutral after precipitation. 

The metaphosphatc of soda, which is monobasic, like the sulphates, 
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nitrates^ and other familiar salts^ decomposes like these but oue pro¬ 
portion of nitrate of silver, and forms a white precipitate; thus— 

Before decomposition. After decomposition. 

Metaphosph. c Soda ..^Nitrate of soda 

of soda t Phosphoric acid.,^^^^...''''^ 

Nitrate of (Nitric acid . 

silver I Oxide of silver-—^Meto^ of silv, 

(Monobasic phos. silv.) 

If acetate or nitrate of lead be substituted for nitrate of silver in 
these decompositions, a tribasic, bibasic, or monobasic salt of lead is 
obtained in the same manner; and these salts, again, decomposed by 
hydrosulphuric acid gas, afford respectively the terhydrate, deutohy- 
drate, and protohydrate of phosphoric acid. The statement of the 
decomposition of the metaphosphate of lead by hydrosulphuric acid 
will be sufficient to explain how a hydrate of phosphoric acid comes to 
be formed in all these cases :— 


Before dccompositioD. 

Metapliosph. “id 

of lead jOxypi- 

(.Lead. . . 

Ilydrosulph. <Hydrogon 
acid ^Sulphur 



After decomposition. 
Metaphosph. of water 
(Protohydr. of phos. ac.) 


Sulphide of lead. 


It will be observed that the hydrosulphuric acid forms 1 equivalent 
of water, at the same time that it throws do\tTi the sulphide of lead. In 
this pliosphate of lead, there is only 1 equivalent of oxide of lead, 
and consequently only 1 equivalent of water is formed; but if there were 
2 or 3 equivalents of oxide, there would be 2 or 3 equivalents 
of water formed and conveyed to the acid ; or the phosphoric acid is 
always left in combination with as many equivalents of water as it 
previously possessed of oxide of lead. Thus the different hydrates of 
phosphoric acid arc obtained from the decomposition of the corres¬ 
ponding phosphates of lead. 

In no decomposition of this kind is there any transition from one 
class of phosphates into another, because the decompositions are 
always mutual, and the products of a neutral character. Heuce an 
argument for retaining the trivial names, common phosphates, pyro¬ 
phosphates, and metaphosphates, for there is no changing, in decom¬ 
positions by the humid way, from one to the other, and the salts 
comport tlicmsclves so far quite as if they had different acids. The 
circumstances may now be noticed in which a transition from the one 
class to the other does occur :— 
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1st.—Changes without the intervention of a high temperature. 
When solutions of the metaphosphate and pyrophosphate of water are 
warmed^ they pass gradually into the state of common phosphate, 
combining with an additional quantity of w'ater j and tlie metaphos¬ 
phate of water appears then to become at once common phosphate, 
without passing through tlie intermediate state of hydration of the 
pyrophospliate. The metaphosphate of baryta also, wdiich is an in¬ 
soluble salt, is gradually dissolved in boiling water, and becomes 
common phosphate by assuming 2 eq. of basic water. The easy 
transition from the one class of phosphates to the other, then wit¬ 
nessed, forbids the supposition that they contain different acids, or 
different isomeric modifications of phosphoric acid. Indeed, it might 
as well be supposed that in the protoxide and sexqui-oxidc of iron, 
the metal exists in different isomeric conditions, because these oxides 
possess pecuUar j)ropcrties, and (combine in different proportions with 
the same acid. Iron in its two oxides gives rise to different com¬ 
pounds, because they arc formed by substitution ; and phosphoric 
acid in its three hydrates gives rise to different compounds, from the 
same cause. The degree of oxidation of tlic iron and the degree of 
hydration of the acid are anterior conditions, due to the sj)ecial unex¬ 
plained affinities with which eacli element or compound is invested. 
It is remarkable tliat pyrophosphates of potash and of ammonia exist 
in solution, and perfectly stable, but not in the dry state. These 
salts do not crj'stallize. The j)yrophosphate of ammonia, indeed, when 
allowed to evaporate spontaneously, appears to cry.stallizc, but in the 
act of becoming solid, it passes into common phosphate (the biphos¬ 
phate of ammonia, 2110. Nll^O+POg). 

2 d.—Changes with the iutcrveutiou of a high temperature. If a 
single equivalent of pliosphoric acid, anhydrous, or in any state of 
hydration, be calcined at a temperature whicli may fall short of a red 
heat (1°), with 1 equivalent of soda or its carbonate, the imjtaphos- 
phate of soda will be formed; (2'^) with 2 C([uivaleiits of soda or its 
carbonate, the pyrophosphate of soda will be formed ; and (3°) with 
3 equivalents of soda or its carbonate, a common jfiiosphate of soda 
will be formed. Hence, the formation of none of these classes is 
peculiarly the effect of a high tcmj>craturc. Agfiin, a tribasic phos¬ 
phate, containing one or two efjuivulciits of a volatile base, such as 
water or ammonia, loses the volatile base, when ignited, and the 
acid remains in combination with the fixed base. Hence, common 
phosphate of soda (H0.2Na04-POg) is converted by heat into pyro¬ 
phosphate ( 2 Na 0 -HP 03 ,) the original observation of I)r. Clark ; and 
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the biphoaphate of soda ( 2 HO.NaO-t-P 05 ) into metaphosphate of 
soda (NaO + POfi). The acid remains in combination with the fixed 
base, and the salt produced may be dissolved in water without as¬ 
suming basic water. 

The metaphosphate of soda is susceptible of a remarkable conver¬ 
sion, by the agency of a certain temperature, and exhibits a change 
of nature, without a change of composition, such as often occurs in 
organic compounds, but rarely admits of so satisfactory an explana¬ 
tion. This particular salt, in common with all the other phosphates, 
combines with water, which becomes attached to the salt, in the state of 
constitutional water, or water of crystallization. The metaphosphate 
of soda, so hydrated, when dried at 212 °, retains 1 equivalent of water, 
but that water is not basic, for, on dissolving the salt again, it is 
found stiU to be a metaphosphate. But let this hydrated metaphos¬ 
phate be heated to 300°, and without losing an 3 rthing, it changes 
completely, and becomes a pyrophosphate,—the water w hich was con¬ 
stitutional before, being now basic. The formulse of the salt in its 
two states exhibit to the eye the nature of the internal change which 
occurs in it; 

1 . —Hydrated metaphosphate of soda . NaO.POg + HO, 

2 . —Pyrophosphate of soda and water . NaO.HO + POg. 

Phosphatea of the form 3 MO + 2 PO 5 .—^The recent investiga¬ 
tions of Pleitmann and Hennebcrg establish the existence of tw'o 
new classes of phosphates, intermediate between the monobasic and 
bibasic classes. The soda-salt of the preceding formula is produced 
by fusing together, in a platinum crucible, 100 parts of anhydrous 
pyrophosphate of soda and 76.87 parts of metaphosphate of soda: 
the white crystalline mass wliicli results is reduced to powder, and 
quickly exhausted with water; for, on long digestion, the ordinary 
phosphates are obtained. The soda-salt is soluble in about twice its 
weiglit of cold w'ater, and has a faint alkaline reaction. It gives, 
by precipitation with nitrate of silver and with phosphate of magnesia, 
salts corresponding with the soda-salt, and which have not the pro¬ 
perties of a mixture of pyrophosphate and metaphosphate. 

Phosphates of the form 6 MO + 5 PO 5 ,—The soda-salt was ob¬ 
tained by fusing together 100 parts by weight of pyrophosphate of 
soda aiul 307.5 of metaphosphate. The solution is by no means 
stable, hut gives, when freshly prepared, a precipitate in nitrate of 
silver, which is readily soluble in excess of the soda-salt, and pos- 
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sesses the composition, when fused, of dAgO+hPOg. (Liebig^s 
Annalen, Ixv. 304.) 

Modifications of metaphosphoric acid. —^Tlie metaphosphates 
already described are prepared from the monobasic phosphate of soda 
in the vitreous condition; this phosphate, when cooled immediately 
from a state of fusion, remaining a transparent, colourless glass. But 
if this glassy phosphate be cooled very slowly, a beautiful crystalline 
mass is obtained. On dissolving it in a small quantity of hot water, 
the liquid divides into two strata, the more considerable one contduing 
the crystalline salt, and the other a portion of unaltered metaphosphate 
of soda. The vilreous metaphosphate, and all the salts derived 
from it, arc remarkable for not crystallizing, but form liquid or semi¬ 
liquid viscid hydrates. But the crystalline nietaphosphate of soda 
is described as giving beautiful crystals of the triclinometric system, 
containing water of crystaUizalion. Its solution is neutral, and has 
a cooling, pure, saline taste, while the vitreous metaphosphate of soda 
is insipid. It is raj^idly converted into the acid common phosphate 
by boiling. The corresponding silver-salt is obtained by adding 
nitrate of silver to a tolerably concentrated solution of the soda- 
salt. It is wliite, crystalline, and is represented by the formula 
3(Ag0.P05)-f-2H0. 

Phosphates were obtained by Mr. Maddrell, by adding the solution 
of sulphates of magnesia, nickel, copper, soda, lime, baryta, alumina, 
to an excess of phosphoric acid, evaporating, to expel the sulphuric 
acid, and heating to upwards of 600®; in the form of a crystalline 
granular substance, wliich were all monobasic. They are all anhy¬ 
drous, insoluble in water and diluted acids, but generally decom¬ 
posed by concentrated sulphuric acid, and appear to form a class of 
metaphosphates different from the preceding two. The magnesian 
metaphosphates of this class have a disposition to combine with the 
corresponding soda-salt, when any of that base is present in the 
phosphoric acid with which they are ignited. The double salt of 
magnesia and soda is represented by 3 (MgO.P 05 )-l-NaO.POs j 
that of nickel and soda, by 6 (Ni 0 .P 05 )-f NaO.POs). (Mem! 
Chem. Soc. iii. 273.) 

The only explanation wliich can be offered of these modifica¬ 
tions of the metaphosphoric acid, is, that they are of a polymeric 
character; such as MO.PO 5 ; 2M0.2P06; aMO.SPOg, or perhaps 
even higher multiples of MO.PO 5 . data, however, appear to exist 
by .which a place in this polymeric series can be ascribed to the re- 
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spective modifications with any degree of certainty. MM. Meitmanii 
and Ileniieberg, who have lately investigated the subject with much 
ability, are disposed to represent raetaphosplioric acid by 6 MO. 6 PO 5 ; 
and certainly with this proportion of base constant and tlie phosphoric 
acid variable, the other classes may be consistently represented :— 

Common Phosphate - - 6 MO + 2 POg 

Pyrophosphate . - - GMO+SPOg 

Pleitmann and Henneberg’s new| 6M04-4P0g 
phosphates - - -t CMO + 5POg 

Metaphosphate . - - CMO + 6 POg. 

The different classes of phosphates arc thus represented as all 
sex-basic salts, with a ditlerent polymeric acid in (^ch, PaO^o, PsOjg, 
&c. But this theory does not embrace tlic inodrfications of !neta- 
phosphoric acid, nor will it serve to re])resent several known double 
phosphates; such, for instance, as the double pyrophosphate of 
copper and soda, 3 (SXaO.POg)-f-^CuO.POg. 

Analynin of phosphoric acid and of /he phosphatcH. —Phos¬ 
phoric acid is produced when the pcntachloride of phosphorus is 
thrown into water:— 

PClgand 5110 = PO 5 and 5IIC1. 

It may be inferred with certainty from this decomposition, that 
phosphoric acid contains 5 crpiivalcnts of oxygen, in the same manner 
ns the composition of phosphorous acid is deduced from the decom¬ 
position of the terchloride of phosphorus by water (page 43S). The 
affiiuity of phosphoric acid for water is very intense, the anhydrous 
phosphoric acid taking w'ater even from oil of vitriol and eliminating 
anhydrous sulphuric acid, at a liigh temperature. As hydrated phos¬ 
phoric acid cannot be made anhydrous by heat, the proportion of dry 
acid in a solution of the free acid is determined by adding a know n 
weight of oxide of lead, evaporating to dryness, and heating the resi¬ 
due, as in the case of sulphuric acid. The phosphate of lead formed 
being anhydrous, the increase of w^eight which the o.xide of lead sus¬ 
tains represents exactly the w'cight of dry phosphoric acid. 

In determining the proportion of jdiosphoric acid in a salt of an 
alkaline or earthy base, the acid, if not already in the Iribasic form, is 
first brought to that condition by boiling with a little nitric acid. 
1. The excess of nitric sicid being then ncutrali/ed by ammonia, ijie 

2 G 
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phosphate is again dissolved in acetic acid. If the solution contains 
no sulphuric acid nor cliiorine, the pliosphoric acid may be entirely 
separated by the addition of nitrate of lead, in the form of an inso¬ 
luble phosphate of lead, ‘ 2 PbO.HO.PO 5 , which washes easily, and 
loses water and becomes pyropliosphfite 2 Pb 0 .P 05 , when calcined 
(Heintz). This method is based upon the insolubility of phosphate 
of lead in acetic acid. 2. Phosphoric acid may also be thrown down 
from the solution of an alkaline phosphate, by adding first carbonate 
or liydrochlorate of ammonia and then sulphate of magnesia, when, 
upon stirring the phospliate of magnesia and ammonia, 

2 Mg 0 .NIl 40 .P 05 + 12H0, 

falls as a granular precipitate. This phosphate must be precipitated 
in an alkaline solution, and washed with water containing hydrochlo¬ 
rate of ammonia, as it is very soluble in acids, and even soluble in a 
sensible degree in pure water, "^nren ignited it loses its volatile con¬ 
stituents, and remains pyrophosphate of magnesia, 2 Mg 0 .P 05 . 3. 

The phosphoric acid not being in combination with a base which 
yields a phosphate insoluble in acetic acid, an addition is made to the 
liquid, winch may be acid, of an excess of the acetate of the sesqui- 
oxide of iron. The phosphate of sescpii-oxide of iron, re 2 f ^3 l’f^ 5 > 
immediately separates as a .slightly reddish yellow flaky jrrccipiiate, 
which is collected and washed iq)on a filter. This pho.spliate is dis¬ 
solved oft’ the filter by a few drops of hydrochloiic acid, then the salt 
of iron reduced to the state of protoxide by boiling it with sulphite of 
soda, and afterwards the quantity of iron ascertained by finding how 
much of a solution of permanganate of potash of known composition 
is required to peroxidize the iron. The j)hosphate of iron being of 
known composition, the fjuanlity of phosjihoric arid is calculatrd 
from the iron, 2 eqs. of that metal being present in the phospliate for 
1 eq. of phosphoric acid or of phosphorus ; that is, 700 parts iron re¬ 
presenting 900 parts phosphoric acid (ttaew'sky and Marguerite). 
The acetate of sesqui-oxidc of iron, which is not j)crmam'tir, is best 
prepared extemporaneously from solutions of 100 j)artsof iron-alum 
and of 98 parts of acetate of soda in equal fpiantities of water, of 
which equal volumes arc mixed at the moment the sicctatc of iron is 
required. 
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In describing the various classes of phosphates, with their rela¬ 
tions to each other, I have been thus minute, partly because consi¬ 
derable explanatory detail was required, from the extent of the 
subject, but principally for the sake of the light wliich the phos¬ 
phates throw upon the constitution of the class of organic acids, 
and upon the function of water in many compounds. Indeed, phos¬ 
phoric acid is one of the links by which mineral and organic com¬ 
pounds are connected. And it may be reasonably supposed that it 
is that pliancy of constitution which peculiarly adapts the phosphoric, 
above all other mineral acids, to tlie wants of the animal economy. 


PHOSPHOEUS AND HYDROGEN. 

Solid hydride of phosphorusy P 2 n.—Magnus formed a phosphide 
of potassium by fusing phosphorus and potassium under naphtha. 
When this compound is thrown into water, a compound of phosphorus 
and hydrogen precipitates in the form of a yellow powder. The solid 
hydride of pliosphorns becomes red when exposed to light; it does 
not shine in the dark, nor take fire below 320° (160° C.) It is in¬ 
soluble in water and alcohol, and is decomposed by alkalies, with the 
formation of oxide of phosphorus, free hydrogen, gaseous phosphuretted 
hydrogen, and a hypophosphitc. 

Phosphuretted hydroyen yus ; eq. 19 or 237.5 j PHg.—^Tliis 
gas, which is remarkable for its occasional spontaneous inflajnmability 
in air, was discovered by Gcngcmbre in 1783, and has been succes¬ 
sively investigated by several chemists. Its true nature was first 
ascertained by Hose, wlio proved it to be a compound having tlie 
same proportion of hydrogen as animoniacal gas, with phosphorus in 
the place of nitrogen. The ]>ure gas is obtained by heating hydrated 
phosphorous acid, which is resolved into phosphuretted hydrogen and 
hydrated phosphoric acid : thus— 

4(3110+ PO 3 I or 12 IIO and 4 r 03 =:PH 3 and 9 IIO + 3 PO 5 . 

The gas so prepared docs not inflame spontaneously when allowed 
to escape into air, but kindles w hen a light is applied to it, and burns 
witli the white flame of phosphorus. A little air added to the gas, 
which had no effect at first, has been observed to produce occasionally 
an explosion after a time. The gas consists of 1 volume of phosphorus 
vapour and 0 volumes of hydrogen, condensed into 4 volimies, so 



452 


PHOSPHORUS. 


that it has the same combining measure as ammoniacal gas. Its 
density is 1185. Phospliiiretted hydrogen has a disagreeable allia¬ 
ceous odour, is but slightly soluble in water, and has no alkaline 
reaction. 

The same gas, in a self-inflammable state, is obtained by boiling 
phosphorus with water and an excess of lime, or in a strong solution 
of caustic potash, in the flask A (fig. 140), at the water-trough B. 
The first effect is the formation of hypophosphite of lime, with the 
evolution of phosphuretted In drogcn gtis : 

4P and 3CaO and 3IIO = PIl 3 and 3CaO-f 3PO. 

Phosphuretted hydrogen is again evolved, but mixed witli a con¬ 
siderable quantity of free hydrogen, when the hydnited hypophosjihite 
of lime is evaporated to dryness, phosphate of lime being the residuary 
product. 


Fig. 140. 



Each bubble of gas on e.scaping into air takes lire, and produces 
a beautiful white wreath of smoke, consi.sting of phosphoric acid, 
llie spontaTicon.s inflammability is due to the presence of a small 
quantity of the vapour of a liquid compound of ])hospliorus and 
hydrogen, and was first explained by M. P. Tbenard. 

Phosphuretted hydrogen decomposes some metallic solutions, such 
as those of copper and mercury, and forms metallic phosjfiiides. 
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When tlie gas is pure, it is entirely absorbed by sulphate of copper 
and by chloride of lime. With hydiiodic acid, phosphuretted 
hydrogen forms a crystalline compound, wliich is interesting from its 
analogy to sal ammoniac. It may be prepared by mixing together 
its constituent gases over mercury; or more easily by introducing 
into a small tubulated retort 60 parts of dry iodine with 15 of 
phosphorus finely granulated, and mixing these bodies intimately 
with pounded glass; 8 or 9 parts of u ater are then added to the 
mixture, and the vapours which immediately come off are allowed to 
escape by a glass tube open at both ends, adapted to the beak of the 
retort, in which beautiful small crystals of the salt condense, of a dia¬ 
mond lustre. Bose observed that these crystals do not belong to the 
llcgular System, and arc, therefore, not isomorphous with sal am- 
monific. They are decomposed by water, with evolution of phos¬ 
phuretted hydrogen. 

Pliospliurcttcd hydrogen coinbin<*s also, like ammonia, with 
the ])erelilorides of tin, titanium, chromium, iron, and antimony, 
forming white saline bodies. Tlic combination with bichloride 
of tin is decomposed, with escape of the gas in the non-inflammable 
sUib^, by water, and in the spontaneously inflammable condition by 
solution of ammonia. 

Liijtfid hijdride of phoHidiono^y Pll 2 *—This substance, wBich 
was discovered by M. Paul Theiiard, is obtained by exposing the 
])liospluirettcd hydrogen gas, evolved by the action of water, at 140° 
(60° C.) on the phosphide of calcimn CagP, to a freezing mixture 
in a condensing tube. It is a colourless licpiid, of high refracting 
pow er, which does not freeze at —1° (—20° C.), but w hich a tem¬ 
perature of -f-86° (30° C.) is sufficic]»t to decompose. It is resolved 
imder the iullinaico of light into the gaseous and solid hydrides of 
phosphorus. The same decomposition is jirodiiccd by contact with 
vcM V diU'enuii substances, such as alcohol, oil of turpentine, hydro- 
cldoric acid, and many pulverulent matlors. 

'riiis eomjxuind is one of the most inflaminable substances knowni, 
taking fire spontaneously in air, and burning with a dazzling flame. 
The mo.st luimitc trace of its vapour, diffusing into the different 
combustible gases, such as hydrogen, carbonic oxide, cyanogen, ole¬ 
fiant gas, &o., communicates to tliein, as it does to phosphuretted 
hydrogen, the property of inflaming spontaneously in air or oxygen*. 


* P. Theunril, Annalcs dc Clicniic, 3me, scr. xiv. 5. 
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PHOSPHORUS AND NITROGEN. 

Both clilorides of phosphorus absorb ammoiiiacal gas, and form 
solid white compounds. The combination of the terchloride contains 
2 |- equivalents of ammonia, but tliat of the perchloride was not 
found equally definite. When exposed to a strong red heat, without 
access of oxygen, tliese compounds leave a white amorphous body, 
which was supposed to be a nitride of pliosphorus, PN 2 *. It is 
most easily prepared by transmitting a stream of dry carbonic acid 
gas over the ainmoniacal com}>ound, in a tube of hard glass, heated 
by a charcoal fire, so long as vapours of sal ammoniac sublime. 

Tliis substance, which is remarkable for its fixity, is not soluble in 
any menstruum, nor acted upon by dilute acid or alkaline solutions. 
It is not affected even wlien heated in an atmosphere of chlorine or 
sulphur, but is decomi)osed when heated in hydrogen gas, with the 
formation of ammonia. 

According to M. Gerliardt, the pentachloride of phosphorus ab¬ 
sorbs ammonia, with the evolution of some hydrochloric acid, and the 
formation of a compound PC] 3 .(Nn 2 )’^. The nitride of phosphorus 
also contains hydrogen, and ought to be represented by the formula 
PN 2 H: its formation from the ])erchlorid 0 of phosphorus and am¬ 
monia taking place according to the ecpiation :— 

PCI 5 and aiTgNzroIICl and PN^IL 

This compound, PN 2 II, which is named Vhospham by Gerliardt, 
is decomposed by fusion with hydrate of potash, and converted into 
ammonia, and the ordinary jihosphate of potash. At a high tem¬ 
perature water acts upon phosphain, giving rise to ammonia and 
phosphoric acid. 

PHOSPHORUS AND SULPHUR.-SULPHIDES OF PHOSPHORUS. 

Phosphorus and sulphur combine in all proportions, with the 
evolution of much heat, and sometimes with explosion. These 
elements most safely unite under hot water, of which the temperature, 
however, must not exceed 100 °; for otherwise hydro.sulphiiric and 
phos 2 ihoric acids may be produced with such rapidity as to occasion 
an explosion. The compounds obtained in this manner arc of a pale 

* Rose: Annalcs do Cliini. d dc I’hys. liv. 275. 
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yellow colour,—more fusible and more inflammable than phosphorus 
itself. They were supposed to be indefinite in composition; but 
Berzelius has shown that they form a series of sulphides of phos¬ 
phorus corresponding in composition with the oxides, with one 
sulphide additional. They are represented by the formulae— 

Subsulphide, P 2 S . . corresponding with Oxide of Phosphorus, P 2 O. 
Protosulphide, PS. . “ " HypophosphorousAcid,PO. 

Tersulphide, PS 3 . . “ Phosphorous Acid, PO 3 . 

Pentasulphide, PS 5 . “ Phosphoric Acid, PO 5 . 

Persulphide, PSjq . . without an oxygen analogue. 

These compounds may all be formed directly by fusing sulphur and 
phosphorus together in the requisite proportions, and are generally 
crystallizable. The tersulphide was originally obtained by Serullas 
by the action of hydrosulplmric acid upon the terchloride of phos¬ 
phorus. They arc insoluble in water, alcohol, or ether; but com¬ 
bine readily with alkaline sulphides, and form series of sulphur-salts 
corresponding with flic hypophosphites, phosphites, and phosphates. 


SECTION X. 

CHLOlllNE. 

A'y. 35.5 or 443.75; Cl; dataiti/ 2440; 

This substance was discovered by Scheele in 1774, but was be¬ 
lieved to be of a compound nature, till Gay-Lussac and Thenard, in 
1809, shewed tliat it might reasonably be considered a simple sub¬ 
stance. It is to tlic powerful advocacy of Davy, however, who 
entered upon the investigation shortly afterwards, that the establish¬ 
ment of the elementary character of chlorine is principally due, and 
to him it is indebted for the name it now bears, which is derived 
from yellowish-green, and refers to its colour as a gas, ele¬ 

mentary bodies being generally named from some remarkable quality 
or important circumstance in their history. Chlorine is the leading 
member of a well-marked natural fiimily, to which also bromine, 
iodine, and fluorine belong. Phosphorus, carbon, hydrogen, sulphur, 
and most of the preceding elementary bodies, have little or no action 
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upon each other, or upon the mass of hydrogenous, carbonaceous, 
and metallic bodies to wliich they arc exposed in the material world; 
all these substances being too similar in nature to have much affi¬ 
nity for each other. But the class to which chlorine belongs ranks 
apart, and, with a mutual indifference to each other, they exhibit 
an intense affinity for the members of the other great and prevailing 
class—an affinity so general as to give the chlorine family the cha¬ 
racter of extraordinary chemical activity, and to preclude the possi¬ 
bility of any member of the class existing in a free and uncombined 
state in nature. The compounds, again, of the chlorine class, with 
the exception of those of fluorine, are remarkable for solubility, and 
consequently find a place among the saline constituents of sea water, 
and are of comparatively rare occurrence in the mineral kingdom; 
with the single exception of cldoride of sodium, which, besides being 
present in large quantity in sea water, forms extensive beds of rock 
salt in certain geological formations. 

Prejiaration .—The fuming hydrochloric acid or muriatic acid (as 
it is also called) of commerce, is a solution in water of hydrochloric 
gas, a compound of clilorine and hydrogen, from which chlorine gas 
is easily procured. The liberation of clilorine results from contact 
of the acid named with binoxidc of manganese, and the reaction 
which then occurs is made most obvious in the following mode of 
conducting the experiment :—A few ounces of the strongly fuming 
hydrocldoric acid are introduced into a flask a (fig. 141), with a 


fio. 141. 




perforated cork and tube upon which a bulb or two have been 
expanded; and that tube is connected, by means of a .short caoutchouc 
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tube, with the drying tube c, containing fragments of chloride of cal¬ 
cium, and the last is connected in a similar manner with the exit 
tube d, which descends to the bottom of a dry and empty bottle e. 
Upon applying the spirit lamp to a, the liquid in the flask soon 
begins to boil, and the hydrochloric gas passtjs olT, depositing, per- 
ha])s, a little moisture in the bulbs of d, which may be kept cool by 
wet blotting paper, and being completely dried in passing through c. 
It is conveyed by to the bottom of the bottle e, and finally escapes 
and produces white fumes in the atmosphere, after displacing the air 
of that bottle. The hydrochloric gas is obtained in e unchanged, 
and will redden and not ble-ach a little blue infusion of litmus poured 
into f. But between the tube c and rf, let another tube be now inter¬ 
posed having a pair of bulbs blown upon it f and g (fig. 14ii), one of 


I'lo. 142. 



which f contains a quantity of pounded anhydrous binoxide of man¬ 
ganese ; the bottle e remaining as before. Then, upon applying heat 
to the manganese bulb fy the hydrocliloric gas will be found to suffer 
decomposition as it traverses that bulb, its hydrogen uniting w ith the 
oxygen of the manganese, and forming water, which will condense in 
drops in gy and disengaged chlorine j)rocccds on to Cy in which that 
gas will be percej)tible from its yellow tint, and more so by bleaching 
the infusion of reddened litmus remaining in e. If the transmission 
of hydrocldoric acid over i-he binoxide of manganese be continued for 
sufficient time, the latter loses all its oxygen, and the mctid remains 
in the state of protocliloridc. Indeed, only one half of the chlorine of 
the decomposed hydrocliloric gas is obtained as gas, the other half 
being retained by the manganese, as will appear by the following 
diagram:— 
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PROCESS FOR CHLORINE FROM HYDROCHLORIC ACID AND BINOXIDE OP 

MANGANESE. 


Before decomposition. 


Hydrochloric 

acid 

Binoxidc of man¬ 
ganese 

Hydrochloric 

acid 


Chlorine . . 
Hydrogen . 
Oxvgeii . . 
Manganese 
Oxygen . . 
c Chlorine . . 
f Hydrogen . 


After decomposition. 

-Chlorine. 

-Water. 



Cliloride of manganese. 


Water. 


Or in symbols: Mn02 + 2IIC1 = MnCl and 2HO and Cl. 


The most convenient method of preparing chlorine gas is by 
mixing in a flask A (fig. 143), 1 pai-t of binoxide of manganese with 

Fig. 143. 



4 parts of hydrocliloric acid, diluted with 1 of water. Effervescence, 
from escape of gas, takes place in the cold, but is greatly promoted 
by the application of a gentle heat. The gas is collected in C over, 
water, of which the temperature should not be less than 80° or 90°; 
othcr^vi.^e a great waste of the ga.s occuns from its solution in the 
water, and also a conseiiuent annoyance to the operator from the 
escape of the chlorine into tlm atmosphere, by evaporation from the 
surface of the water-trough. If the gas is not to be used immediately, 
but preserved, it should be collected in bottles, into which, when 
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filled with the gas, their stoppers greased should be inserted before 
they are removed from the trough. Before the gas obtained by tliis 
process can be considered as pure, it should be transmitted through 
water in a wash-bottle B, to remove hydrocliloric acid. If the gas is 
to be dried, it must be sent through a tube containing cliloride 
of calcium, of two or three feet in length, some difficulty being expe¬ 
rienced in dr 3 dng this gas in a perfect manner, owing to its low 
difl'usive power. Chlorine cannot be collected over mercury, as it 
combines at once with that metal. 

A somewhat different process for the preparation of chlorine is 
generally followed on the large scale. About 6 parts of manganese 
with 8 of common salt are introduced into a large leaden vessel, of a 
form nearly globular, as represented (fig. 143), and 5 or 6 feet in 
diameter, and to these is added as much of the unconcentrated sul¬ 
phuric acid of the leaden chambers as is equivalent to 13 parts of 
oil of vitriol. The leaden vessel is placed in an iron pan, or has an 
outer casing, <1 e (fig. 144) ; and to Iieat the materials, steam is ad- 
Fio. 144. mitted by d into the space between the 

bottom and outer casing. In the 
figure, which is a section of the leaden 
retort, a represents the tube by which 
the chlorine escapes, b a large opening 
for introducing the solid material co¬ 
vered by a lid or water valve, its edges 
dipping into a channel containing water, 
V a twisted leaden funnel for intro¬ 
ducing the acid,/*a wmoden agitator, and 
a a discharge tube, by which the w aste 
materials are run off after the process is finished. A retort of lead 
cannot be used w-ith safety with binoxidc of manganese and hydro¬ 
chloric acid for chlorine, owing to the action of tlie acid upon the 
lead, and the evolution of hydrogen gas (which produces a spon- 
taneously-explosive mixture with chlorine), or, it is said, of euchlorine. 
In the reaction which occurs in the leaden retort, it may be supposed 
either that hydrochloric acid is first liberated from chloride of sodium 
by sulphuric acid, and afterwards decomposed by binoxide of man¬ 
ganese, as in the preceding experiment; or that sulphates of man¬ 
ganese and soda are siniidtancously formed, and chlorine liberated in 
consequence, as stated in the follow ing diagram, in which the names 
express (as usual) single equivalents :— 
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PROCESS FOR CHLOEINK FROM CHLORIDE OE SODIUM (COMMON 
salt), binoxide op manganese, and sulphuric acid 

Before decomposition. After decompositicHi. 

Chloride of f Chlorine..Clilorine. 

sodium (Sodium .. 

Sulphuric acid. .Sul])huric acid —Sulphate of soda. 

Biuoxide of fOx vgen.—^ 

manganese | Frotox. mang*an,-^_____^ 

Sulphuric acid. .Sulphuric acid_—-~i..Sulph. of manganese. 

Or in symbols: 

V 

NaCl and 2 SO 3 and Mn 02 =Na 0 .S 03 and MnO.SOg and CL 

A new manufacturing ])rocess for chlorine has lately been applied 
by Mr. C. Tennant Duidop, in which the use of biuoxide of man¬ 
ganese is superseded by nitric acid. One e(|uivalent of nitric acid is 
found to communicate two equivalents of oxygen to the hydrochloric 
acid, and thus evolve tw o equivalents of chlorine. The decomposed 
nitric acid is evolved in the form of nitrous acid vapour NO 3 , and it 
is an essential part of the process to absorb that vapour by means of 
sulphuric acid, and to introduce the nitrous acid in this form into 
the leaden chamber. 

ProjH rtit’a .—Chlorine is a dense gas of a pale yellow colour, 
ha\n.ng a peculiar suffocating odour, absolutely intolerable even when 
largely diluted with air, and occasioning great irritation in the trachea, 
wuth coughing and oppression of llie chest. Some relief from these 
effects is experienced from the inhalation of the vapour of ether or 
alcohol. The density of chlorine giis is, by exjieriment, 2470—by 
thcorj', 2140. Under a pressure of about 4 atmospheres, chlorine 
condenses into a limpid liquid of a bright yellow colour, of sp. gr. 
about 1*33, and which lias not been frozen. Water at 00 ° dissolves 
twice its volume of this gas, and accpiires the yellowish colour, odour, 
and other properties of chlorine. To form chlorine-water, a stout 
bottle filled with tlic gas at the water-trough, may be closed with 
a good cork, and removed to a basin of cold water : on loosening the 
cork with the mouth of tlic bottle under water, a little water will 
enter it, from the contraction of the ga.s by cooling; and this water 
may be agitated in contact with tlie gas by a lateral movement of 
the bottle without removing it from the w ater; on loosening the 
cork again, more water will be found to enter the bottle, and by re- 
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peating the agitation and admission of water, the whole gas (if pure) 
is absorbed, and the bottle is in the end filled with water, which of 
course contains an equal volume of chlorine gas. "With water near 
its freezing point, chlorine combines and forms a crystalline hydrate, 
which Faraday found to contain 10 cqs. of water. Hence chlorine 
gas cannot be collected at all over water below 40'^. Exposed to 
light, chlorine water soon loses its properties, water being decomposed 
and hydrochloric acid formed, with the evolution of oxygen gas. But 
it may be preserved for a long time in an opaque bottle properly 
closed. When diluted so far that the water does not contain above 
1 or li per cent, of its bulk of chlorine, the odour is by no means 
strong, and such a solution may be employed in bleaching without 
inconvenience to the workmen, although a combination of chlorine 
with hydrate of lime, called the chloride of lime, is generally pre¬ 
ferred for that purpose. 

Chlorine docs not in any circumstances unite directly with oxygen, 
although several compounds of tlicsc elements can be fonned; nor 
is it known to combine directly witli nitrogen or carbon. Chlorine 
and hydrogen gases may be mixed and jireserved in the dark without 
uniting, but combination is determined with explosion by spongy 
platinum or the electric spark, or by exposure to the direct rays of 
the sun; even under the diffuse light of day, combination of tiro 
gases takes place rapidly, but wiihont explosion. Clilorinc, indeed, 
has a strong affinity for hydrogen, and decomposes most bodies con¬ 
taining that element, hydrochloric acid being always formed. In 
plunging an ignited taper into chlorine gas, its flame is extinguished, 
but the column of oily vapour rising from the wick is rekindled by 
the chlorine, and the hydrogenous ])art of the combustible continues 
to burn with a red and smoky tlame, wiiicli expires on removing the 
taper into air. Pajaw dipjied in oil of turpentine takes fire spon¬ 
taneously in this gas, and tln^ oil burns, with the deposition of a large 
quantity of carbon. Tin; affinity of chlorine for most metals is 
equally great: antimony, arsenic, and several others, showered in 
powder into tliis gas, take fire, and produce a brilliant combustion. 
Chlorine is absorbed by alcohol and many other organic substances, 
when it generally eliminates more or less hydrogen, as hydrochloric 
acid, and enters also by substitution into the original compound, in 
the j)lacc of that hydrogen. It bleaches all vegetable and animal 
colouring matters, and is believed then generally to act in that manner. 
The colours are destroyed and cannot be revived by any treatment. 
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A stream of chlorine gas, thrown into a bottle of dry ammoniacal 
gas, produces a jet of flame from the combustion of the hydrogen of 
the ammonia. When chlorine is passed through the undiluted solu¬ 
tion of ammonia, the same decomposition takes place, and the reac¬ 
tion is a convenient source of nitrogen gas (pjige 323). 


Fig. Its. 



The arrangement represented in fig. 145 may be used for tliis 
purpose. It consists of a large globular flask A, in which chlorine 
is evolved from the usual materials; two wash-bottles, B and C, 
containing solution of amnionia, the first jdaced in a basin of cold 
water to repress its temperature. The nitrogen evolved }>asscs 
through a U tube, E, containing fragments of pumice impregnated 
with a solution of caustic potash, to absorb any chlorine that may 
escape the action of the ammonia ; and the gas is finally collected in 
bottles, E, filled with water acidulated with hydrochloric acid, to 
absorb the vapour of ammonia with which the nitrogen i.s accom. 
panied. 

Chlorine when free is easily recognized by it.s odour and bleaching 
power, and by producing both when free and in the soluble 
chlorides, with nitrate of silver, a white curdy prccijwtatc of chloride 
of .silver, w^hich is soluble in ammonia, but not soluble in cold or 
boiling nitric acid. 

Unes .—Chemistry has pre.sentcd to the arts few substances of 
which the applications are more valuable. Chlorine is the discolour- 
agent of the modern process of bleaching, which, as it i.s gciu^- 
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rally conducted with cotton goods, consists of the following opera¬ 
tions. Tlie cloth, after being well washed, is boiled first in lime- 
water and then in caustic soda, wliich remove from it certain resinous 
matters soluble in alkali. It is then steeped in a solution of chloride 
of lime, so dilute as just to taste distinctly, which has little or no 
perceptible effect in whitening it; but the cloth is afterwards thrown 
into water acidulated with sulphuric acid, of sp. gr. between 1.010 
and 1.020, when a minute disengagement of chlorine takes place 
throughout the substance of the cloth, and it immediately assumes 
a bleached appearance. The cloth is boiled a second time with 
caustic soda, and digested agaiii in dilute chloride of lime and in 
dilute sulphuric acid, as before. The acid favours the bleacliing 
action, and is required besides to remove the caustic alkali, a portion 
of which adheres pertinaciously to the cloth. The fibre of the 
cloth is not injured by dilute sulphuric acid, although digested in it 
for days, provided tlie cloth is not allowed to dry with the acid in it, 
or left above the surface of tlie liquor. But it is very necessary to 
n^ash wadi after the last sourint/, to get rid of every trace of acid, 
with which view the cloth may be passed through warm water as a 
precautionary measure. 

Chlorine is had recourse to in disinfccling the wards of hospitals. 
Mr. Faraday, in fumigating the Millbank Penitentiary, found that a 
mixture of 1 part of common salt and 1 part of the binoxide of 
manganese, when acted upon by 2 parts of oil of vitriol previously 
mixed with 1 part of water (all by weight), and left till cold, pro¬ 
duced the best results. Such a mixture, at 60°, in shallow pans of 
red earthenware, liberated its chlorine gradually but perfectly in four 
days. The salt and manganese w'ere well mixed, and used in charges 
of 3-^ pounds of the mixture. The acid luul water were mixed in a 
wooden tub, the w^atja- being put in first, and then about half the 
acid : after cooling, the other half was added. The proportions of 
w^ater and acid are 9 measures of the former to 10 of the latter. 
(Magazine of Science, 1S40, p. 2C4). 

Chlorides .—Chlorine combines w ith all the metals, and in the 
same proportions as oxygen. With the exception of the chlorides 
of silver and lead, and subchlorides of copper and mercury, these 
compounds arc soluble and sapid, and they possess in an eminent 
degree the saline character. Indeed, common salt, the chloride of 
sodium, has given its name to the class of salts, and chlorine is the 
type of salt-radicals or halogenons (salt-pi’oducing) bodies. Chlo- 
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rides of metals belonging to dilTerent classes often combine together 
and form double chlorides ; the chlorides of the potassium family, in 
particular, with some chlorides of the magnesian family, as with 
chloride of copper, with chloride of mercury, with both the chlorides of 
tin, and with perchloridcs generally. A chloride and oxide of the 
same metal (excepting tlic potassium family) often combine together, 
forming oxichlorides, which are in general insoluble. 

Chlorine is also absorbed by alkaline solutions, and combinations 
are formed which bleach and exhibit many of the properties of the 
free element. The chlorine in these compounds, and also in dry 
chloride of lime, formed by exposing hydrate of lime to chlorine gas, 
is now generally allowed to exist as hypochlorous acid. They arc not 
permanent compounds, and the chlorine eventually acts upon the 
metallic oxide, so as to produce a chloride and a chlorate of the metal, 
as will be afterw^ards explained. 

The following chlorides of the non-mctallic elements will now be 
particularly described:— 

Hydrocldoric acid . . H Cl Chloride of boron . . B CV:j 

Hypochlorous acid , . Cl O Cliloridc of silicon . . Si Cl.^ 

Peroxide of chlorine . . Cl Chloride of sul])hur . . Sg Cl 

Chloric acid . . . . Cl O 5 Bicldoridc of suiplmr . S Cl^ 

Hyperchloric acid . . Cl Terchl. of j)hosp]iorus . P CI 3 

Chloride of nitrogen . JV C), Pcntachl. of phospliorus P CI 5 
Chlorocarbonic acid . , CO.Cl 


HYOROCIILOIUC ACID. 

Syn.. Chlorhydric acid^ Muriatic acid ; Eq. 30.5 or 45G.25 j 
ClII; density 1269.5 ; 

This acid is one of the most frcrinently-emjdoyecl reagents in che¬ 
mical operations, and has long been known uiuh'r the. names of sj)irit 
of salt, marine acid, and muriatic acid (from murias, sea-salt). It 
was first obtained by Priestley in its pure form of a gas in 1772. 

Preparation .—Hydnjchloric acid is always obtained by the action 
of oil of vitriol upon common salt. When the process is conducted 
on a small .scale and in a glass retort, 3 j)arts of common salt, 5 oil 
of vitriol, and .5 water, may be taken. The oil of vitriol being mixed 
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Avith S parts of the'water in a thin flask, and cooled, is poured upon 
the salt contained in a capacious retort A (fig. 146). A flask B, 


rio. 14C. 



coiitiuning the remaining 3 parts of the water, is then adapted to tho 
retort as a condenser. Upon applying heat to the retort, hydro- 
cliloric acid gas comes off, and is condensed in the receiver, affording 
an aqueous solution of tlie acid, of about sp. gr. 1.170, which con¬ 
tains 34 ])er cent, of dry acid; white bisulphate of soda remains in 
the retort. Supposing 2 equivalents of oil of vitriol and 1 of chloride 
of sodium4o be (’mjdoycd, w’hich the preceding proportions represent, 
then the rationale of the action is as follows ;— 


PROCESS FOR HYDROCHLORIC ACID : — 


Before decomposition. 


After dceomposition. 

58.5 Chloride of 

[ Chlorine 

. 35.5- 

- :^36.5 hydroc. acid 

sodium 

i Sodium . 




[Hydrogen . 

1^ 


49 Oil of vitr.- 

Oxygen . . 




ISulpliu. acid 

. 40 

—^71 sulph. of soda 

49 Oil of vitriol . 

• • « • 

. 49- 

—49 sulph. of water 

156.5 


156.5 

156.5 


Or in symbols: NaCl and H 0 .S 03 =IIC 1 and NaO.SOg-f HO.SO 3 . 

a H 





466 


CHLORINE. 


The hydrochloric acid coming off easily and at a low temperature^ 
when % eqs. of sulphuric acid are used, is obtained at once pure and 
free from sulphuric acid. 

Tliis process is more economically conducted on the large scale, as 
for nitric acid (fig. 109, page 347), in a cast iron cylinder, about 5 
feet in length and in diameter, laid ujk)!! its side, which has 
moveable ends, generally composed of a thin paving stone cut into a 
circular disc and divided into two unequal segments. A charge of 
three or four hundred pounds of salt is introduced into the retort, 
and after the bottom is heated, sulphuric acid, as it is witlidi’awn 
from the leaden cliainbers, is added in a gradual manner by means of 
a long funnel, and in proportion not exceeding 1 equivalent for the 
chloride of sodium. In such circumstances, the lower part of the 
cylinder exposed to the sulphuric acid is not much acted upon, while 
the roof of the cylinder is protected from the hydrochloric acid fumes 
by a coating of fire-clay or thin bricks. The hydrochloric acid gas is 
conducted by a glass tube into a series of large jars of salt-glaze 
ware, connected with each other like Wolfe^s bottles, and containing 
water, in which the acid condenses. 

Propertiea .—Hydrochloric acid is obtained in the state of gas by 
boiling an ounce or two of the fuming aqueous solution in a small 
retort, or by pouring oil of vitriol upon a small quantity of salt in a 
retort, and is collected over mercury. It is an invisible gas, of a 
pungent acid odour, and produces wliite fumes, when allowed to escape, 
by condensing the moisture in the air. By a pressure of 40 atmos¬ 
pheres at 50°, it is condensed into a luiuid of sp. gr. 1.27. It is 
quite irrespirable, but much less irritating than chlorine ; it is not de¬ 
composed by heat alone, nor wlien heated in contact with charcoal. 
Hydrochloric acid extinguishe s combustion, and is not made to unite 
with oxygen by heat; but wlum electric sparks are passed through a 
mixture of this gas and oxygen, dccomi)Osiiion takes place to a small 
extent, water beijig formed and clilorinc liberated. It is com})oscd 
by volume of one combining measure, or 2 volumes of each of its 
constituents, united without condensation; so that its combining 
measure is 4 volumes, and its theoretical density 1269.5. It may be 
formed directly by the union of its clemcjits. 

If a few drops of water or a fragment of ice be thrown up into a 
jar of hydrochloric acid over mercury, the gas is completely absorbed 
ill a few seconds; or if a stout botth; filled with this gas be closed by 
the finger and opened under water, an instunlaneous condensation of 
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the gas takes place, water rushing into the bottle as into a vacuum. 
Dr. Thomson found that 1 cubic inch of water absorbs 418 cubic 
inches of gas at C9°, and becomes 1.34 cubic inch. lie constructed 
the following table, from experiment, of the specific gravity of hydro- 
cliloric acid of determinate strengths*:— 


HYDROCHLORIC ACID. 


Atoms of Water 
to 1 of Acid. 

Real Acid in 100 
of the liquid. 

Specific 1 
Gravity. | 

1 

Atoms of 
Water to 1 
of Acid. 

Real Acid iu 100 
of the liquid. 

Specific 

Gravity, 

0 

40,(56 

1,203 

14 

22.700 

1.1060 

7 

37.00 

1.170 ' 

15 

21.512 

1.1008 

8 

33.'.).5 

1.1(52 

16 

20.442 

1.0960 

y 

31.3.5 

i.i to 

17 

10.474 

1.0902 

10 

20.13 

1.130 

18 

18.590 

1.0860 

11 

27.21 

1.12S5 , 

19 

17.700 

1.0820 

12 

25.52 

1.1197 i 

20 

17.05J 

1.0780 

13 

2i.03 

1.1127 i 





To tills may be added the following useful table, for wliich we are 
indebted to Mr. E Davy :— 


HYDROCHLORIC ACID. 


Specific 

Quantity of Acid 

1 

1 Specific 

Quantity of Acid 

Gravity. 

per cent. 

: Gravity. 

per cent. 

1.21 

42.43 

1 

i 1.10 

20.20 

1.20 


1.09 

18.18 

1.19 

38.38 


16.16 

1.18 

36.36 

1.07 

14.14 

1.17 

34.34 

1.00 

12.12 

1.16 

32.32 


10.10 

1.15 

30.30 

! 1.04 

8.08 

l.U 

28.28 

1.03 

6,00 

1.13 

26.20 

1.02 

4.04 

1.12 

24.24 


2.02 

1.11 

22.22 

' 



It thus apiiears that the strongest hydrochloric acid that can be 
easily formed contains six eqs. of water: this liquid allows acid to 
escape when evaporated in air, and comes, according to an observation 
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of my own, to contain eqs. of water to 1 of acid. Distilled in a 
retort, it was found, by Dr. Dalton, to lose more acid than water till 
it attained the specific gravity ] .094, when its boiling point attained 
a maximum of 230°, and the acid then distilled over unchanged. 
Dr. Clark finds by careful experiments that the acid, which is unal¬ 
terable by distOlation, contains 16.4 equivalents of water. 

The concentrated acid is a colourless liquid, fuming strongly in air, 
highly acid, but less corrosive than sulphuric acid; not poisonous 
when diluted. Tt is decomposed by substances which yield oxygen 
readily, such as metallic peroxides and nitric acid, which cause an evo¬ 
lution of clilorine, by oxidating the hydrogen of the hydrochloric 
acid. A mixture of 1 measure of nitric and 2 measures of muriatic 
acid forms aqua regiay which dissolves the less oxidable metals, such 
as gold and platinum. 

The hydrochloric acid of commerce has a yellow or straw colour, 
which is generally due to a little iron, but may be occasionally pro¬ 
duced by organic matter, as it is sometimes destroyed by light. 
This acid is rarely free from sulphuric acid, the presence of wliich is 
detected by the appearance of a wdiite precipitate of sulphate of baryta 
on the addition of chloride of barium to the hydrochloric acid 
diluted with 4 or 5 times its bulk of distilled water. Sulphurous 
acid is also occasionally present in commercial hydrochloric acid, and 
is indicated by the addition of a few crystals of protochloridc of tin, 
wliich salt decomposes sulphurous acid, and occasions, after standing 
some time, a brown precipitate containing sulphur in combination 
with tin (Girardiii). To jiurify hydrochloric acid, it may be diluted 
till its sp. gr. is about 1.1, for which the strongest acid rc'quires an 
equal volume of w^atcr; and with the addition of a portion of chloride^ 
of barium, the acid should then be rc-distillcd. As the acid brings 
over enough of water to condense it, Liebig’s condensing apparatus 
(fig. 28, page 63) can be used in this distillation. The pure acid thus 
obtained is strong enough for most purposes, and has the advantage 
of not fuming in the air. Hydrochloric acid, like chlorine and the 
soluble chlorides, gives with nitrate of silver a white eurdy prticipi- 
tate, the chloride of silver, soluble in ammonia, but not dissolved by 
hot or cold nitric acid. 

Hydrochloric acid belongs to the class of hydrogen acids or 
hydracids. On neutralizing this acid with soda or any other basic 
oxide, no hydrochloratc of soda is formcxl; but the hydrogen of the • 
acid with the oxygen of the soda forming water, the cldorine and 
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sodium combine, and produce a metallic chloride. Zinc, and the other 
metals which dissolve in dilute sulphuric acid, with evolution of hy¬ 
drogen, dissolve with equal facility in this acid, with the same evolu¬ 
tion of hydrogen, and a chloride of the metal is then formed. 

COMPOUNDS OF CHLORINE AND OXYGhN. 

Chlorine and oxygen gases exhibit no disposition to combine with 
each other in any circumstances, but this is not inconsistent with their 
forming a scries of compounds, as nitrogen and oxygen, which exhibit 


a similar indiflerence to each other, also do. The oxides of chlorine 
are five in number, iiamelv :—■ 

Hypochlorous acid .... 

CIO 

Chlorous acid . . 

CIO3 

Peroxide of chlorine, or Ilypochloric acid 

CIO4 

Chloric acid ..... 

CIO5 

Perchloric acid ..... 

CIO, 


Hypochlorous and chloric acids arc always primarily formed by a 
reaction occurring between chlorine and two dilTercnt classes of me¬ 
tallic oxides; and tlie chlorous and perchloric acifls, again, are derived 
from the decomposition of chloric acid. 


HYPOCHLOROUS ACID. 


43.5 ; ClOj density of 2977 j | | | 

The discovery of this compound in a separate state was made 
by M. Balard in 1834.* It was obtained by acting with chlorine 
upon the red oxide of mercury. If to a two-pound bottle of clilorine 
gas 300 grains of red oxide of mercury in fine powder be added, 
with 14^ ounces of water, the clilorine will be found to be rapidly ab¬ 
sorbed on agitation. One portion of the clilorine unites wdth the 
oxygen of the metallic oxide, and becomes hypochlorous acid, which 
is dissolved by the water; while another portion forms a chloride wdth 
the metal, which chloride unites witji a portion of undecomposed 
oxide, and forms an insoluble oxichloridc. The licjuid may be poured 


* Ainml(.'8 (Ic (Miim. ct dc Pliya. Ivii. 22ri 
1 ». ^(> 9 . 


or Tiiylor’a Sciciilitio Memoirs, vol. i. 
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off and allowed to settle t it is a solution of bypochloTous acid, with 
generally a little chloride of mercury. This reaction is expressed in 
the following diagram ;— 


FORMATION OF nYFOCHLOUOUS APID. 


Before decomposition. 

Chlorine .... Chlorine . . 

5 Oxygen . . 
r Mercury . . 
Chlorine .... Chlorine . . 
Oxide of Mer. . Oxide of Mei 


Oxide of Mer. 


After ilecomi>osition. 
- Ilypochlorous acid 


~ Chloride of Mer. ? J 
. Oxide of Mercury 5 | 


Or in symbols: 2C1 and 2llg0=C10 and llgCl.HgO. 

But the oxichloridc formed seems not always to contain the same pro¬ 
portion of oxide. The proportion of hy}H)chlorous acid in the litpiid may 
be increased by introducing tlie same solution into a second bottle of 
chlorine, with an additional quantity of rod oxide of mercury. The 
oxide of zinc and black oxide of copper, diirnscd ibrough water, anil 
exposed to chlorine, give rise to a similar formation of hypochlorous 
acid. 

If red oxide of mercury in fine powder be added to chlorine- 
water so long as the oxide is dissolved, asolntion of hypochlorous acid 
and chloride of mercury is formed, without any insoluble corn]>ound •. 
2 Cl and IIg0 = C10 and IlgCl (Gay-Lussac). 

On the other hand, hypochlorous acid, free from watiT, and in I lie 
liipiid state may be obtained by passing dry i ldorinc gas in a gradual 
manner over red oxide of mercury in a glass t ube ft h (llg. 117) ; care 

Fio. 147. 



being taken to prevent elevation of temperature, by surrounding the 
tube with fragments of icc, or immersing it in cold water, as otherwise 
nothing but oxygen will be disengaged. The chlorine is evolved 
from the usual materials in the flask A, passed through water in the 
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wash-bottle B to arrest any hydrocliloric acid, and afterwards dried 
in a chloride of calcium tube C. Chloride of mercury is formed as 
in the other processes, and *a yellow gas, which is liquefied in the 
bent tube D, kept cold by a freezing mixture of ice and salt. The 
oxide of mercury wliich answers best for tliis experiment is that pre¬ 
cipitated from cliloride or nitrate of mercury by potash, washed and 
dried at a temperature of about 57^° (300° C.)—^Eegnault's Traite. 

Hypoeldorous acid is a liquid of an orange-yeUow colour, which 
boils at about 68° (20° C.) Its vapour is of a pale yellow colour, very 
similar to chlorine. It is composed of 2 volumes of chlorine and I 
volume of oxygen, condensed into 2 volumes, which gives a theo¬ 
retical density of 2992, while 2977 has been obtained by experiment. 
It is resolved by a slight elevation of temperature into its constituent 
gases; a property which allows it to be analyzed, by determining the 
proportions of the mixed clJorinc and oxygen gases. Water dissolves 
about 200 volumes of this gas, and assumes a fine yellow colour. 

ITypochlorous acid is also formed when chlorine is absorbed by 
weak solutions of alkalies and by hydrate of lime, and, as the acid of 
the bleaching chlorides, possesses considerable interest. It dis¬ 
places the carbonic acid of sdkaline carbonates, but has not much 
analogy to other acids. Its taste is extremely strong and acrid, but 
not sour, and its odour penetrathig and diflerent from, although 
somewhat similar to, chlorine. It attacks the epidermis like nitric 
acid, and is exceedingly corrosive. It bleaches instantly, like chlorine, 
and is a powerful oxidizing agent. A concentrated solution of it is 
exceedingly unstable, small bubbles of chlorine gas being sponta¬ 
neously evolved and cliloric acid formed. Tliis decomposition is 
promoted by the presence of angular bodies, such as pounded glass, 
and also by heat and light. 

Of the elementary bodies, hydrogen has no action upon hypo- 
chlorous acid. Sidjiliur, selenium, phosphorus, and arsenic, act upon 
it with great energy, and arc all of them raised to their highest 
degree of oxidation, with the evolution of chlorine gas; selenium 
even being converted into seleuic acid, although it is only converted 
into selenious acid by the action of nitric acid. Iodine is also con¬ 
verted into iodic acid. Iron fiUngs decompose it immediately, and 
chlorine gas comes off. Copper and mercury combine with both 
elements of the acid, and form oxichlorides. Many other metals ore 
not acted upon by it, unless another acid be present, such as zinc, 
tin, antimony, and lead. Silver has a different action upon hyyio- 
chlorous acid from that of most bodies, combining with its chlorine. 
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and causing an evolution of oxygen gas. Hydrochloric and hypo- 
chlorous acid mutually decompose each other, water being formed, 
and chlorine liberated; if the liquids arc both cooled to a very low 
degree, before mixture, the clilorine is not disengaged, but combines 
with water to form the hydrate of chlorine, and causes the liquid to 
become a solid mass. The presence of soluble chlorides is equally 
incompatible with the existence of hypochlorous acid. 

Hyjiochlorites .—^The direct combination of hyjmchlorous acid with 
powerful bases is accompanied by heat, wdiich is apt to convert the 
hypochlorite into a mixture of chlorate and chloride; but by adding 
the acid in a gradual manner to the alkaline solution, hypochlorites 
of potash, soda, lime, baryta, and strontia, may be formed, and may 
even be obtained in a solid state by evaporation in vacuo, if a con¬ 
siderable excess of alkali be present, which ajjpears to give a certain 
degree of stability to these salts. They bleach powerfully, and their 
odour and colour are identically the same as the corresponding deco¬ 
lourizing comjmunds of chlorine, formed by exposing solutions of the 
highly basic oxides named to chlorine gas, from which it is impossible 
to distinguish them by their physical pioi)erties. AVhen chlorine, 
then, is absorbed by a weak solution of potash, without heat being 
applied, the hypochlorite of potash is formed, wuth chloride of potas- 
siimi, both of which remain in solution ;— 

2 Cl and 2KO = KO.C10 and KCl. 

Tlie liypochloritcs 
are salts of a very 
changeable constitu¬ 
tion \ a slight in¬ 
crease of tcinj)era- 
ture, the inllueiicc 
of solar light, even 
of difiused light, con- 
verls them into chlo¬ 
ride and chlorate. 

Tlic enchlorinc 
gas of Davy, to 
which he assigned 
the composition of 
hypochlorous acid, 
has been found to be 


Fig. 148. 
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a mixtuie of chlorine gas and chlorochloric acid. That mixture is 
obtained by the action of hydrochloric acid of sp. gr. 1.1 upon chlorate 
of potash, aided by a gentle heat. It has a very yellow colour (euchlorine), 
and explodes feebly when a hot wire is introduced into it, becoming 
nearly colourless when the chlorocldoric acid is decomposed. A tube 
retort A, (fig. 148), is employed for the evolution of this gas, and it 
is collected in the phial B by displacement. 


CHLORIC ACID. 

Eq, 75.5 or 943.75 ; IIO.CIO 5 . 

When a stream of chlorine gas is transmitted through a strong 
solution of caustic potash, the gas is absorbed, and a solution is 
formed which bleaches at first, but loses that property without any 
escape of gas, and becomes a mixture of chloride of potassium and 
chlorate of potash; the latter of which, being the least soluble, sepa¬ 
rates in shining tabular crystids. live equivalents of potash (the 
oxide of potassium) are decomposed by 6 of chlorine, 5 of which 
unite with the potassium, and form 5 equivalents of chloride of po¬ 
tassium, wdiile the 5 of oxygon form chloric acid with the remaining 
equivalent of chlorine, as stated in the following diagram, in which 
the numbers express et^uivalents :— 

ACTION OF CHLORINE UPON POTASH. 


Before decomposition. 

5 Chlorine . . 5 Chlorine 


5 Potash . 

Chlorine 
Potash . 


5 Potassium 
5 Oxygen . 
Chlorine . . 
Potash . . . 



After decomposition. 

5 Chloride of potassium. 


Chloric acid 1 Chlorate of 
Potash J potash. 


Or in symbols: 6C1 and 6K0 = K0.C10g and 5KC1. Such is the 
nature of the action of cldoriTie upon the soluble and highly alkaline 
metallic oxides, when their solutions are concentrated, or heat 
applied. 

The chlorate of baryta may be formed by transmitting chlorine 
through caustic barytn, in the same manner; and from a solution of the 
pure chlorate of baryta, cldoric acid may be obtained by the cautious 
addition of sulphuric acid, so long as it occasions a precipitate of 
sulphate of baryta. The solution may be evaporated by a very gentle 
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heat till it becomca a sjrapy liquid, wliicli has no odour, but a very 
acid taste, is decomposed above 100°, and when distilled at a still 
liigher temperature gives water, then a mixture of chlorine and oxy¬ 
gen gases, and hypercliloric acid; which last acid may be prepared 
in this way without difficulty. Chloric, like nitric acid, is not iso- 
lable, being incapable of existing except in combination with w'ater 
or a fixed base. This acid first reddens litmus paper, but after a time 
the colour is bleached, and if the acid has been liiglily concentrated, 
the paper often takes fire. It dissolves zinc and iron with disen¬ 
gagement of hydrogen. Chloric acid is decomposed by hydrochloric 
acid, with escape of chlorine, and by most combustible bodies and 
acids of the lower degrees of oxidation, such as sulphurous and 
phosphorous acids, which oxidate themselves at its expense. 

Tins acid, when free or in combination, may be recognized by 
several properties. It is not precipitated by chloride of barium or 
nitrate of silver, and its salts have no bleaching power ; sulphuric 
acid causes the disengagement from it of a yellow gas, having a 
peculiar odour, which bleaches strongly ; and its salts, when heated 
to redness, aflbrd oxygen, and dellagrate with combustibles. 

—This class of salts is remarkable for a general solu¬ 
bility, like the nitrates. Those of them which are fusible detonate with 
extreme violence with combustibles. The chlorate of potash, of 
which the preparation and properties will be described under the salts 
of potash, has become a familiar chemical product, being largely con¬ 
sumed in the manufacture of deflagrating mixtures. The chlorates 
w’ere at one time termed huperoxtjmuriaieHy and their acid, the 
existence of wliich was originally observed by Mr. Chenevix, was first 
obtained in a separate state by Gay-Lussac. 

The composition of chloric acid is ascertained by decomposing a 
known quantity of chlorate of potash by heat, and ascertaining the 
loss of weight which is due to the expulsion of 6 cf{S. of oxygen. 
The chloride of potassium which fonns the fixed residue is dissolved, 
and the chlorine precipitated by nitrate of silver. The chlorine is 
thus obtained in the form of chloride of silver, of which the compo¬ 
sition is known. The relation between the equivalents of clilorine 
and oxygen is also established by the analysis of the chlorate of pot¬ 
ash (Note, p. II1). 
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PERCHLORIC ACID. 

Eq, 91.5 or 1143.75 ; HO. CIO 7 . 

This acid, which is also named hypcrchloric and oxichloric acid, is 
obtained from chlorate of potash in different ways. At that particu¬ 
lar point of the decomposition of chlorate of potash by heat, when the 
evolution of oxygen is about to become very violent, the fused salt is 
in a pasty state, and contains, as was first observed by Serallas, a 
considerable quantity of perchlorate, the oxygen extricated from one 
portion of chlorate being retained by another portion of the same salt. 
This salt is rubbed to powder, and dissolved in boiling water, from 
which the perchlorate is first deposited, on cooling, owing to its 
sparing solubility. It is stated by M. Millon, that from 50 to 53 
per cent, of perchlorate may be obtained by stopping when O-i- liters 
of gas (580 c. i.) are collected from 100 grammes (1543 grains) of 
chlorate, instead of 13 liters.* The same salt may also be prepared 
by throwing ciilorate of potash, in fine powder, and well dried, into oil 
of vitriol gently heated in an open basin, by a few grains at a time, 
when the liberated chloric acid resolves itself into ])eroxide of chlorine* 
and hypcrchloric acid, the former coming off as a yellow gas; thus;— 


RESOLUTION OF CHLORIC ACID INTO PEROXIDE OF CHLORINE AND 

HYPERCIILORIC ACID. 


Before decomposition. ’ 

' S Chlorine- 


3 Chloric acid 


8 Oxygen 
7 Oxygen 
Chlorine - 


After decomposition. 

2 Perox. chlorine. 


Hypcrchloric acid. 


Of the 3 equivalents of potash, previously in combination with the 
chloric acid, one remains with hypcrchloric acid as hyperchloratc oi’ 
potash, and the other two are converted into bisulphate of potash. 
The whole reaction between the acid and salt may, therefore, be thus 
expressed :— 

3 (K 0 .C 105 ) and 4 (H 0 .S 03 ) = 2010^ and KO.CIO 7 
and 2 (H 0 .S 03 + KO.SOg) and 2 HO. 

In conducting this operation, the greatest caution is necessary. 


* Annolcs dc Chim. 3c Ser. vii. 335. 
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owing to the explosive property of peroxide of chlorine; for if tlie 
order of mixing the substances be reversed, and the acid poured upon 
the chlorate, or if too much chlorate be added at a time to the acid, 
a most violent and dangerous detonation may occur. But tliis re¬ 
action is chiefly interesting as affording peroxide of chlorine; for 
hyperchlorate of potash tnay be obtained from chlorate by the action 
of nitric acid, lati'ly observed by Professor Penny, without danger or 
inconvenience. The chlorate is tranquilly decomposed in nitric acid 
gently heated upon it, the chlorine and oxygen of 3 equivalents of 
peroxide of chlorine being evolved in a slate of mixture and not of 
combination : the saline residue consists of 3 equivalents of nitrate 
and 1 of perchlorate of potash, which may be separated by dissolving 
them in the smallest adequate quantity of boiling >vater. On cooling, 
the perchlorate separates in small shining crystals, which may be 
dissolved a second time to obtain them perfectly pure. 

Percldoric acid may be prepared from the last salt by boiling it 
with an excess of fluosilicic acid, n hicli forms, with potash, a salt 
nearly insoluble. After cooling, a clear liquid is decanted and evapo¬ 
rated by' the water-bath. To eliminate a small excess of hydroHnoric 
acid, a little silica in fine powder is added to the liquid, which at a 
certain degree of concentration carriers off the former as fluosilicic acid. 
After being still further concentrated, the acid li(|uid may be distilled 
in a retort by a sand-bath heat. A very dilute acid comes over first, 
but the temperature of cbullitioji rises till it attains 392°, after which 
the receiver should be changed, because what then passes over is a 
concentrated acid of sp. gr. 1.G5. This acid is a colourless liquid 
which fumes slightly in the air. It may be still farther concentrated 
by distilling it with 4 or 5 times its weight of strong sulphuric acid, 
when the greater part of it is decomj)oscd into chlorine and oxygen; 
but a portion condenses in a mass of small crystals, and also in long 
four-sided prismatic necfUcs terminated by dihedral summits, which 
w'ere found by ScruUas to be two different hydrates of the acid, the 
last containing least water and being most volatile. The crystals and 
the concentrated solution of the acid have a great aflinity for water; 
the acid itself (CIO 7 ) appears not to be isolablc. 

Perchloric acid is much the most stable of the oxides of chlorine; 
it does not bleach, is not altered by the presence of sulphuric acid, 
and is not decomposed by sulphurous acid or by hydrosulphuric acid. 
It dissolves zinc and iron with effervescence, and, in point of affinity, 
is one of the most powerful acids. Perchloric acid is recognized by 
producing, with potash, a salt of the same sparing solubility as bitar- 
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trate of potash. It is an interesting acid from its composition, and 
as being the most accessible of the small class containing periodic and 
jjerinangfiiiic acids, to which it belongs. The alkaline perchlorates 
emit much oxygen when heated, and leave metallic chlorides; they 
do not deflagrate so powerfully with combustibles as the chlorates. 

CHLOROUS ACID. 

Eq, 59.5 or 743.75 ; CIO 3 ; detuity 2.646. 

This is a gaseous compound of chlorine and oxygen, which is not 
liquefied at 5° (—15° C.), and is therefore remarkable for its fixity. 
It was discovered and studied by M. Millon.* Chlorous acid is 
formed by the deoxidatioi\ of chloric acid in various circumstances. 
It is readily obtained from a mixture of three parts of arsenious acid 
and four of chlorate of potasli, pulverized together, {intl made into a 
thin paste with water; twelve parts of ordiiiary nitric acid diluted 
with four of water being added, the whoh; is introduced into a flask, 
which is filled to the neck with tlic mixture, and heated cautiously 
by a water-batli. 

Chlorous acid is a gas of a greenish yellow colour, of which water 
dissolves five or six times its volume, assuming a golden yellow tint 
of considerable intensity. It bleaclics litmus and indigo, but docs 
not attack gold, platinum, nor antimony. It is decomposed by heiit, 
in general at 134.6° (57° C.), into perchloric acid, chlorine, and 
oxygen : 30103 =ClOj and 20 and 2C1. Chlorous acid combines 
with bases, and forms crystallizabhi salts; the affinity of this and 
some other anhydrous acids is gradually exerted, and requires time 
for its action. On pouring a solution of clilorite of potash into a 
solution of nitrate of lead, a yellowish white precipitate of chlorite of 
lead is obtained, PbO. CIO 3 , which is easily subjected to analysis by 
transfonning it into sulphate by means of siilpluvric acid j or, if the 
chlorite of lead be fused in a crucible with carbonate of soda, the 
whole chlorine of the chlorous acid is obtained in the form of chlo¬ 
ride of ])otassium, and may be precipitated from an acid solution by 
nitrate of silver, and estimated as chloride of silver. 

According to M. Millon, the gas which forms when chlorate of 
potash is treated with hydrochloric acid (euchlorine), ought to be 
considered a compound of chloric and chlorous acid, 2 CIO 5 , CIO 3 . 


* Anualcs ilc Chiin. :i sit; vii. 
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It is named chhrochloric acid. Another double acid, which 
Millon has named chloropcrchloric acid, is formed when humid 
chlorous acid is exposed to light, and condenses as a red liquid, 

2 ClOy.ClOg. 

PEROXIDE OF CHLORINE. 

H^jwcklonc acid; eq. 67.5 or 843.75 : CIO 4 . 

This substance cannot be obtained in a state of purity without con¬ 
siderable danger. Gay-Lussac rcconunends, in preparing it, to mix 
clilorate of jiotash in the state of a paste with sulphuric acid ]>re- 
viously diluted with half its weight of w'atcr and cooled, and to distil 
the mixture in a small retort by a water-bath. It comes off as a gas, 
of a yellow colour considerably deeper than clilorinc, which cannot 
be collected over mercury, ns it is instantly decomposed by that mcttvl, 
nor over water, which dissolves it in large (|uantity. It is composed 
of 2 volumes of chlorine with 4 volumes of oxygen, condensed into 4 
volumes, which gives it a density of 2337.5. This gas is decom¬ 
posed gradually by light, but between 200 ^^ and 212 ° its elements 
separate in an instantaneous manner, with the disengagement of light 
and a violent explosion, which breaks the vessels. Water dissolves 
about 20 times its volume of this gas : the gas itself is liquefied by 
cold, and form,s a red liquid, which boils at 68 ° ( 20 ° C.) It bleaches 
damp litmus paper, without fir.st reddening it, and is absorbed by 
alkaline .solutions with the formation of a mixture of a clilorate and 
chlorite. This compound, then, resembles peroxide of nitrogen, NO 4 , 
aud is not a peculiar acid, but may be represtmted as a coinjiound ol 
chlorou.s and chloric acids : 2 C 104 =C 103 + C 105 . 

Peroxide of chlorine has a violent action u})oii combustibles, kin¬ 
dling jihosphorus, suljihnr, sugar, amt other combiLstiblc substances in 
contact with which it is evolved. Its action upon pliospliorus may 
Fio. 150. he shown by tlirowing a drachm or two of crystal¬ 
lized clilorate of pot ash into a deep foot-glas.s (fig. 
150) filled with cold water, to the bottom of which 
the salt falls without any loss by solution. Oil of 
vitriol is then conducted to the salt, in a small 
stream, from a tube funnel, the lower end of which 
has been drawn out into a jet with a minute ojien- 
iiig. A gas of a lively yellow colour is evolved 
with slight concussions, and immediately dissolved 
by the water, to which it imparts the same colour. 
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If, while this is occurriug, a piece of phosphorus be thrown into the 
glass, it is ignited by every bubble of gas evolved, and a brilliant 
combustion is produced under the water, forming a beautiful experi¬ 
ment wholly without danger. If a few grains of chlorate of potash 
in fine powder and loaf-sugar be mixed upon paper by the fingers, 
(rubbing these substances together in a mortar- may be attended with 
a dangerous explosion), and a single drop of sulphuric acid be 
allowed to fall from a glass rod upon the mixture, an instantaneous 
deilagration takes place, occasioned by the evolution of the yellow 
gas, which ignites the mixture. Captain Manby used to fire in this 
manner the small piece of ordnance, which he proposed, as a life- 
preserver, to throw a rope over a stranded vessel from the shore; and 
the same mixture was afterwards emjdoycd, with sulpliuric acid, in 
various forms of the instantaneous light-match, all of wliicli, however, 
are now superseded by other mixtures ignited by friction without 
sulphuric acid. 


CIILOllINE AND BINOXIDE OP NITllOGEN. 

Mr. E. Davy appears first to have obtained a gaseous compound of 
chlorine and binoxide of nitrogen in 1830, and a combination of the 
same constituents w^as distilled from aqua rcfjia and liquefied by M. 
Baudrimont in 1843. It is only lately, however, that the nature of 
the mutual action of nitric and hydrochloric acids has been fully ex¬ 
plained by the investigations of M. Gay-Lussac on aqua regia. 
(Aimalcs de Chimio, 3me s6r. xxiii. 203; or, Chemical Gazette, 
1848, p. 2C9.) 

When nitric and hydrochloric acids arc mixed, a reaction soon 
commences if the acids are concentrated; tlie liquid becomes of a red 
colour, and effervescence takes place, from the escape of chlorine and 
a chloro-nitric vapour. On passing tliis gaseous mixture through a 
G tube, the angle of which is immersed in a freezing mixture of ice 
and salt, the chloro-nitric compound condenses as a dark-coloured 
liquid, and is thus separated from tlic free cliloriiie which accom¬ 
panied it. 

Chloro-nitric acid^ NOaClj.—^This forms the principal part of the 
chloro-nitric vapour: it may be represented as a peroxide of nitrogen 
in which two cciuivalciits of oxygen are replaced by two equivalents 
of chlorine. A tliird ciiuivnlcnt of chlorine, due to the third equi¬ 
valent of oxygon yielded by the nitric acid, is disengaged as gas, and 
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is the agent by whieh ac^ini regia, dissolves gold, platinum, and other 
raetals having a weak altiiiity for oxygen, converting them into 
cliloridcs : the chloro-nitric acid takes no part in the action. This 
compound is also formed by the mixture of the two gases in equal 
volumes, which assume a brilliant orange colour, and suffer a con¬ 
densation amounting to exactly one-third of their original volume. 
The theoretical density of this vapour is 1740.2. 

Chloro-nitrom acid, NO 2 CI.—This second compound, which 
corresponds with nitrous acid, NO 3 , always appears simultaneously 
mth the other in variable proportions. It is a vapourous liquid of 
similar properties, of which the vapour density is inferred to be 
2259.4. The vapours of both compounds, when conducted into 
water, are instantly decomposed into hydrochloric acid and peroxide 
of nitrogen or nitrous acid—a decomposition which affords the means 
of determining the proportion of chlorine which they contain. The 
chloro-iiitric compounds are also dccom]>oscd by mercury, the chlorine 
combining with tlie metal and leaving pure binoxide of nitrogen. 
The solution of the vapours in water decolorizes a solution of i>er- 
manganate of potasli, owing to the peroxide of nitrogen it contains, 
but does not bleach indigo because it contains no free chlorine. 


CHLORIDE OF NITHOGEN. 

This is one of the most formidable of explosive compounds, and 
great caution is necessary in its preparation to avoid accidents. Four 
ounces of sal ammoniac (which must not smell of animal) matter or 
of nitrate of ammonia, arc dissolved in a small quantity of boiling 
water, filtered, and made nj) to .‘3 jmundswith distilled w^atcr; a two- 
pound bottle of chlorine is inverted in a basin containing this solu¬ 
tion at 80°, being supported by the ring of a retort stand, with its 
mouth over a small leaden saucer. The chlorine gas is absorbed, 
and upon the surface of the liquid, which rises into the bottle, an 
oily substance condense.s, which, when it accumulates, precipitates 
in large drops, and is received in the leaden saucer. During the 
whole operation, the bottle must not be ajjproachcd, unless the face 
is protected by a sheet of wire gtiuze, and the hands by thick woollen 
gloves; agitation of the bottle, to make the suspended drop fall, is a 
common cause of explosion. The leaden .saucer, when it contains 
the chlorine, may be withdrawn from under the bottle, without dis- 
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t^rbing the latter, and then no harm can result from the explosion, 
if it does not occur in contact with glass. 

M. Balard finds that this compound may also be produced by sus¬ 
pending a mass of sulphate of ammonia in a strong solution of hypo- 
chlorous acid. 

The chloride of nitrogen is a volatile oleaginous liquid of a deep' 
yellow colour, and sp. gr, 1.653, of which the vapour is irritating 
like chlorine, and attacks the eyes. Tt may be distilled at 160°, but 
effervesces strongly at £00°, and explodes between 205° and 212°, 
producing a very loud detonation, and shattering to pieces glass or 
cast-iron, but producing merely an indentation 4n a leaden cup. It 
is resolved into chlorine and nitrogen gases, the instantaneous pro¬ 
duction of which with heat and light, is the cause of the violence of 
the explosion. The chloride of nitrogen is decomposed by most 
organic matters containing hydrogen; and may be safely exploded 
by touching it by the point of a cane-rod, which has been previously 
dipped ill oil of turpentine. 

This compound is represented by NCI 4 , but the properties of this 
compound render its accurate analysis almost impossible, and the 
correctness of the formula usually assigned to it is very doubtful. 
M. MiUon has shown that it may contain hydrogen, and is possibly 
a nitride of chlorine with ammonia, CI 3 N + 2 n 3 N. He formed from 
it corresponding compounds, containing bromine, iodine, and cyano¬ 
gen, by double decomposition; a bromide, iodide, or cyanide of 
potassium being introduced into the chloride of nitrogen for that 
purpose.* 


ClILOllIDES OP CARBON. 

Ses(jui€?iloride of carhotiy C 4 CI 0 .—The compounds of these ele¬ 
ments are not formed directly, but were produced by Mr. Faraday by the 
action of chlorine upon a certain compound of carbon and hy^ogen; 
the circumstances of their formation were explained with singular 
felicity by M. Itegnault. Cldorine and olefiant gas C 4 H 4 combine toge¬ 
ther in equal volumes, and condense as Dutch liquid (page 386). 
Chemists are now generally agreed that the rational formula of this 
liquid is not C 4 H 4 + 2C1, but that its elements are thus arranged:— 

Dutch liquid .... C4H3.CI+HCl. 


* Animlcs tic Chiiu. et dc Phys. Ixix. 75. 
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It is considered a combination of hydrochloric acid HCl, with the 
chloride of acetyl C4H3.CI. When a stream of chlorine gas is trans 
mitted through Dutch liquid, a second eq. of hydrogen is carried 
off, as hydrochloric acid, and 1 eq. of clilorine left in its place j thus 
Dutch liquid, C4H3CI -f HCl becomes— 

C4H2CI2+HCI. 

This second product, which is a liquid, being submitted to the 
action of a stream of chlorine, gives rise to a third liquid product, in 
which the hydrochloric acid of the last formula disappears, and the 
remaining portion assumes % additional eqs, of chlorine, forming— 

C4H2CI4. 

This third liquid is changed by tlie prolonged action of chlorine 
into the sesquichloride of carbon, but to hasten the action it is con¬ 
venient to conduct the operation in the light of the sun ; its two 
remaining eqs. of hydrogen being carried off in the form of hydro¬ 
chloric acid, and 2 eqs. of chlorine left in their place, which gives the 
formula 

Sesquichloride of carbon . . C 4 CI 6 , or C 4 CI 4 + CI 2 . 

This view of the derivation and constitution of the sesquichloride 
of carbon is confirmed by the density of its vapour, wliich licgnault 
found by experiment to be 8157. It should from its formula contain 

8 volumes carbon vapour . . . 3371 

12 volumes chlorine .... 29284 

32655 

If these form a combining measure of 4 volumes, the most usual of 
all combining measures, the weight of 1 volume, or density of the 
vapour, is 8164, which almost coincides with the experimental 
result.* 

The sesquichloride of carbon is a volatile crystalline solid, having 
an aromatic odour resembling that of camphor, fusible at 320° and 
boiling at 860° (Faraday), of sp. gr. 2 , soluble in alcohol, ether, and 

* Regnault, De TAction dn Chlore sur la liqueur des Hollandats ct aur le Chloruro 
d’Ald^yd^oe. Ann. de Ch. ct dc Ph, t. 69, p, 161. Idem, Sur Ics Ciilorurcs do Carbuii, 
ib. t. 70, p. 104. 
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oils. It was prepared by Mr. Faraday by exposing Dutch liquid to 
sunlight in an atmosphere of chlorine, which was several times 
renewed as the chlorine was absorbed. 

Protochloride of carbotif C 4 CI 4 .—This compound was prepared 
by Faraday by passing the vapour of the sesquichloride through a glass 
tube filled with fragments of glass, and heated to redness. A great 
quantity of chlorine becomes free, and a colourless liquid is obtained, 
which when purified from sesquichloride of carbon and chlorine as much 
as possible, boils at 248° (Eegnault), has a sp. gr. of 1.5526, and in 
its chemical relations is very analogous to the sesquichloride of carbon. 
Tlie density of the vapour of the protochloride decides the nature of 
its constitution. It was found by Regnault to be 5820, which cor¬ 
responds to the composition by volume :— 

8 volumes carbon vapour . . . 3371 

8 volumes chlorine .... 19523 

22894 

Density =-= 5724. 

4 

It must, therefore, contain 4 eqs. of carbon and 4 of chlorine, and 
its formula be C 4 CI 4 , or it represents olefiant gas C 4 H 4 with its whole 
hydrogen replaced by chlorine. It is interesting to observe how a 
body retains, after so many mutations, such distinct traces of its 
origin. From its analysis it might be a compound of single equiva¬ 
lents, C Cl, of the simplest nature, and so it was considered when 
named protochloride of carbon. 

Subchloride of carbon^ C 4 CI 2 .—Another compound of this class 
exists, of which a specimen produced accidentally was examined by 
Messrs. Phillips and Faraday. Regnault has formed it by making 
the preceding liquid compound pass several times tlirough a tube at 
a bright red heat. It condenses in the coldest parts of the tube in 
very fine silky crystals, which may be taken up by ether, and obtained 
perfectly pure by a second sublimation. 

Perchloride of carbon, C 2 CI 4 , was obtained by Eegnault from 
the prolonged action of chlorine on hydrochloric ether, wood-spirit, 
or chloroform, and by M. Kolbe by passing chlorine gas impregnated 
with the vapour of bisulphide of carbon through a porcelain tube 
hejited to redness. It is a colourless liquid, of density 1 * 6 , boiling 
at 172° (78° C.). By passing the vapour of this chloride through a 
tube heated to dull redness, Eegnault obtained another chloride of 
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carbon^ isomeric with Farada/s sesquichloride, but of which the 
vapour density was 4*082. Kolbe formed a crystallizable compound 
of perchloride of carbon and sulphurous acid, which has the formula 
2(SOa)+C2Cl4. 

Another chloride of carbon, of the formula CjoClg^ was obtained 
by M. Laurent, by the action of clilorinc upon naphthaline, CjqHsj 
in the form of a crystalline solid, soluble in boiling petroleum. 

Chloroxicarbnnic f/as, CO. Cl.—This gas is formed by exposing 
equal measures of chlorine and carbonic oxide to sunshine, when rsipid 
but silent combination ensues, and they contract to one half their 
volume (page 371). 

Chloride of boron^ B CI 3 .—A gaseous compound of these ele¬ 
ments was obtained by Berzelius, by transmitting chlorine over boron 
heated in a glass tube, and by Dumas by transmitting the same gas 
over a mixture of boracic acid and carbon ignited in a porcelain tube 


Fio. 161. 



placed across a furnace (fig. 151). Its density was found to be 4079 
by Dumas, and it is considered a tcrcliloride. 

Chloride 0 /silicon; 127.85 or 1598.12; SiCl.,.— When silicon 
is iieatcd in a stream of chlorine gas it takes fire, and this compound 
is formed. It is also obtained in quantity by a process ar.alogous to 
that of Dumas for the chloride of boron, which it greatly resembles. 
Silicic acid is not decomposed when heated with carbon, but if chlo¬ 
rine gas be present, then the simultaneous action of the latter element 
upon the silicon favours the action of the carbon on the oxygen, and 
carbonic oxide with chloride of silicon results. Precipitated silica 
(page 393), which is in a highly divided state, is mixed with an equal 
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weight of lamp-black, and made into a stiff paste with a little oil; this 
is divided into balls, which are rolled in charcoal powder, and then 
exposed to a strong red heat in a covered crucible. These ignited 
balls form the mixture of silica and charcoal which is introduced 
into the porcelain tube (fig. 151), and heated strongly by a eharcoal 
furnace, while chlorine gas, washed by water and dried in a chloride 
of calcium-tube, is carried through the porcelain tube. The chloride 
of silicon is condensed in a U tube placed in an inverted bell-jar, with 
au opening at the lower part; a short straight tube is cemented to 
the lower part of the U tube, and, passing through the tubulure of 
the jar, terminates in a small, thoroughly dry bottle, where the liquefied 
chloride of silicon is collected. (Regnault^s Traite). 

The chloride of silicon is a colourless, highly mobile liquid, of 
density 1.52; which boils at 138° (69° C.), and fumes in the air. 
It is instantly decomposed by contact with water, and resolved into 
hydrochloric acid and silica:— 

SiClg and 3 II 0 =Si 03 and 3HC1. 

This property affords the means of analyzing the chloride of silicon, 
as the clilorine of the hydrochloric acid formed may be precipitated 
by nitrate of silver, and its amount determined. The proportion of 
oxygen in silicic acid may also be deduced from the same experiment, 
as the oxygen must necessarily be equivalent ,^to the chlorine in the 
cliloride. 


CHLOEINE AND SULPHUE. 

Chlorine and sulphur appear to combine in several different propor¬ 
tions, some of these compounds being formed only in combination 
with certain other chlorides. But two compounds of these elements 
have been obtained in a separate state. 

Subchloride of sulphur \ 67.6 or 843.75; SgCl.—This com¬ 
pound was first obtained by Dr. T. Thomson in 1804. To pre¬ 
pare it, a few ounces of flowers of sulphur are introduced into the 
tubulated retort D (fig. 152), and fused by a lamp below. Chlorine 
gas is evolved from hydrochloric acid and binoxide of manganese in the 
flask A, transmitted through the wash-bottle B containing water, 
and afterwards dried by chloride of calcium, before the gas reaches the 
sulphur in D. The clilorine is rapidly absorbed, and a yellowish red 
dense liquid distils over, and is condensed in the flask with two 
openings E, wliich is kept cool by a stream of water from F. It 
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Fig. 162. 


9 



contains an excess of sulphur in solution, but is obtained pure by 
redistilling the liquid at a moderate temperature*. The subcldoride 
of sulphur boils at about 280°, and has a disagreeable odom*, some¬ 
what resembling that of sea-weed, but much stronger. Its density 
in the liquid state is 1.687 ; the density of its vapour has been 
found 4668 by experiment. This compound is capable of dissolving 
a large quantity of sulphur, which may be obtained in crystals from 
a solution saturated at a high temperature. It is decomposed by 
water, and hydrochloric acid with acids of sulphur formed. 

In one of the processes for vulcanizing caoutchouc, the subchloride 
of sulphur is employed. This compound is dissolved in 50 times its 
bulk of w ell rectified coal naphtha, and the articles of caoutchouc im¬ 
mersed in the fluid for one minute, then taken out and dried without 
heat. The caoutchouc thus acquires a small portion of sulphur, with 
which it appears to combine, and is improved greatly in elasticity and 
strength, 

Protochloride of sulphur^ 51.5 or 643.75; SCI.—If chlorine be 
passed through the former compound, the gas is absorbed in large 
quantity, and a liquid compound of a deep red colour formed, which 
contains twice as much chlorine. The new compound dissolves an 
excess of clilorine, which must be expelled by ebulliton. Wlien pure, 
this chloride boils at 147°.2 (64° C). Its density in the liquid foim is 
1.620, and in the state of vapour 3549. It is decomposed like the 
preceding compound when agitated with water, all its cldorinc be¬ 
coming hydrochloric acid, the quantity of which may be determined 
by the usual means. Polythionic acids are also formed, with a deposit 

* ilosc: Aonales de Chim. ct de Pbys. 1. 92. 
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of sulphur. This compound, of which the formula is SCI, may cor¬ 
respond with hypochlorous acid CIO, or with hyposulphurous acid; 
but the subchloride of sulphur, S 2 CI, has no analogue among the 
known compounds of oxygen and chlorine, or of oxygen and sulphur. 

When chlorine is passed over the bisulphide of tin, the gas is ab¬ 
sorbed, the sulphide fuses, and a compound is formed in yellow 
crystals, which consists of SnCJ 2 4 - SClj. The sulphur of the sul¬ 
phide of titanium and of the sulphides of antimony and arsenic is 
converted by chlorine in the same manner into bichloride, and the 
metal itself obtains the same proportions of chlorine as it had of sul¬ 
phur previously, the new products also remaining in combination with 
each other.* 


CHLOEIDES OP PHOSPHORUS. 

Terchloride of phosphor us ^ PCI3. —This chloride,, which cor¬ 
responds with phospl^orous acid, is obtained by passing chlorine 
through melted phosphorus, as for chloride of sulphur (fig. 152); a 
clear and volatile liquid distils over, of sp. gr. 1.45. It is capable 
of dissolving phosphorus; when mixed with water, it is resolved into 
hydrochloric and phosphorous acids. 

Pentachloride of -phosphorus^ PCI5. —Phosphorus takes fire spon¬ 
taneously in a vessel of dry chlorine, and produces a snow-wliite 
woolly sublimate, which is very volatile, rising in vapour below 212 ®. 
It is converted by water into hydrochloric and phosphoric acids. 

The variation of the vapour-density of this substance observed by 
M. Cahours, has already been referred to (page 158). Tliis com¬ 
pound is considered- by Cahours as a direct combination of the 
terchloride with 2 eq. clilorine, PCI, -f CI 2 . 

Chloroxide of phosphorus, PCI3O2.—^The vapour of water pro¬ 
duces with the pentachloride of phosphorus a compound so named, 
discovered by M. Wurtz. It is a colourless and very limpid liquid, 
of density 1*7, which fumes in air. It is decomposed by water. 

Chloro-sulphide of phosphorus, PCI3S2. —^It was discovered by 
Serullas, and is obtained by the action of hydrosulphuric acid on 
the pentachloride of phosphorus. It is liquid, boils at 262° (128° 
C.); is not decomposed by water. The alkaline oxides transform it 
into a sulphoxiphosphaie, a metallic chloride being produced at the 
same time: 

PCI 3 S 2 and 6 Na 0 = 8 Na 0 .P 03 S 2 and SNaCl. 

* Hose: Anualea de Chim. et do Fhys., Ixx. 270. 
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These salts, which correspond with the tribasic phosphates, may 
be crystallized. The sulphoxiphosphate of soda crystallizes with 24 eq. 
water, 3 Na 0 .P 03 S 2 + 24II0, and has, therefore, a composition 
exactly similar to the phosphate of soda, 3NaO.POg + 24HO, but the 
form is different. Here, then, sulphur is not isomorphous with 
oxygen (Wurtz).* 


SECTION XI. 

BROMINE. 

Eq. 78.26 or 978.30 ; Br; density of vapour 5393 ; { j ) 

This element w'as discovered by M. Balardof Montpellier in 1826, 
Its name is derived from Bpw/ioc, raal-odour, and was applied to it on 
account of its strong and disagreeable odour. Like the other mem¬ 
bers of the chlorine family, it is found principally in solution, being 
present in an exceedingly minute but appreciable proi)ortion in sea¬ 
water, under the form of bromide of sodium or magnesium, also in 
the water of the Dead Sea, and in nearly all the saline springs of 
Europe, of which that of TheodorshaU near Kreuznach in Germany is 
the principal source of bromine, as an article of commerce. Bromine 
is interesting from its chemical relations, particularly from the extra¬ 
ordinary parallelism in properties with chlorine which it exhibits. 

Preparation ,—Bromine in combination is discovered by means of 
chlorine-water, a few drops of which cause the colourless solution of 
a bromide to become orange-yellow, like nitrous acid, by disengaging 
bromine, while an excess of chlorine weakens the indication, by forming 
a cldoride of bromine which is nearly colourless. Before the appli¬ 
cation of this test, the saline water in which bromine is contained 
must always be greatly concentrated, and, indeed, tlic greater part of 
its salts should be separated by crystallization. The bromides arc 
highly soluble, and remain in the incrj’stallizable hquor which is called 
the mother-ley, or bittern in the case of sea-water. The bromide of 
magnesium may lose hydrobromic acid during tlie farther concen¬ 
tration of the mother-ley, by evaporation, on which account Desfosscs 
recommends the addition of hydrate of lime to the liquid, which 
throws down magnesia, and produces a bromide of calcium which may 
be evaporated without loss of bromine. Instead of using free chlo¬ 
rine to extricate the bromine, binoxide of manganese and a little hy- 


* Auualcs 4 g Chim. 3utc zx. 472. 
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drochloric acid may be added to the liquid.- Upon distilling, bromine 
is liberated and comes off completely before the liquid boils. The 
watery vapour which condenses in the receiver along with the 
bromine contains a portion of chloride of bromine, from which the 
bromine may be separated by adding baryta to the liquid, and forming 
a chloride of barium and bromate of baryta ; evaporating the liquor to 
dryness, heating to redness, and treating with alcohol. 

Properties ,—Bromine condenses in the preceding process as ^ 
dense liquid under the water, the sp. gr. of bromine being 2.966. 
In mass, it is opaque and of a dark brown red, but in a thin stratum, 
transparent and of a hyacinth red. Its odour is powerful and very 
like that of chlorine. When cooled 10 or 15 degrees below zero, it 
freezes, and remains solid at 10°; it then has a leaden gray colour, 
and a lustre almost metallic. Bromine at the usual temperature is 
decidedly volatile, and to retard its evaporation it is generally covered 
by water in the bottle in wliich it is kept. It boils at 116°.5, and 
affords a vapour very similar to the ruddy fumes of peroxide of nitro¬ 
gen. Bromine is soluble to a small extent in water, and gives an 
orange-coloured solution; it is more soluble in alcohol, and consi¬ 
derably more so in ether. 

Bromine bleaches like chlorine, and acts in ^ similar manner upon 
the volatile oils and many organic substances containing hydrogen, 
which clement it eliminates in the form of hydrobromic acid. Many 
metals combine with bromine with ignition, as they do with chlorine; 
it acts as a caustic on the skin, and stains it yellow, like nitric acid. 
It forms a compound with starch, which is of a yellow colour; like 
cldorine it forms a crystalline hydrate 'with water at 32°, which is of 
a beautiful red tint. 

Hydrobromic acid: 79.26 or 990.8; HBr.—This is a gas, in 
which 2 volumes of each constituent are united without condensation, 
as in hydrocliloric acid, and which has the great attraction for water 
of that acid. Hydrogen and bromine do not unite at the usual tem¬ 
perature, and a mixture of them is not exploded by flame, but they 
unite in contact with the flame and form hydrobromic acid. The 
same acid is more readily prepared by the action of bromine upon 
certain compounds of hydrogen, such as hydrosulphuric acid, phos- 
phuretted hydrogen, and hydriodic acid. The gas may also be 
obtained by the mutual action of bromine, phosphorus, and water, 
and must be collected over mercury. 

For the last process, a tube-apparatus, represented fig. 146, is 
recommended by M. Begnault. ‘ It contains a little bromine in the 
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bend h and small portions of pbos* 
phorus at this bend being filled up 
with fragments of glass^ and a very 
minute quantity of water added. 
The open end a of the tube being 
closed with a cork^ heat is applied 
to hy so as to vapourize the bromine 
in a gradual maimer. A bromide of phosphorus is produced^ which 
is immediately decomposed by the water, while hydrobromic acid is 
disengaged and escapes by the tube e. 

Hydrobromic acid, like all the other bromides, is decomposed by 
chlorine, which is more powerful in its aifinities than bromine, but it 
is not decomposed by iodine. Its action with metals is precisely 
similar to that of hydrochloric acid. Hydrobromic acid is not decom¬ 
posed when heated with oxygen, and water is not decomposed 
by bromine, so that the affinity of bromine and oxygen for hydrogen 
may be inferred to be nearly equal, 'J’his acid, or a soluble bromide, 
produces white precipitates with the nitrates of silver, lead, and sub¬ 
oxide of mercury, which arc very similar to the chlorides of these 
metals. The other metallic bromides correspond in solubility with 
the chlorides. The bromide of silver, like the chloride, is soluble in 
ammonia 

Bromic acid, BrOg.—Bromine is dissolved by the strong alkaline 
bases, and occasions a decomposition exactly similar to that produced 
by cldorine, in which a bromide of the metal and bromate of the me¬ 
tallic oxide arc formed. The bromic acid may be separated from 
bromate of baryta by sulphuric acid, and its solution may be concen¬ 
trated to a certain point, like chloric acid, beyond which it undergoes 
decomposition. It has not been isolated. The chief points of dif¬ 
ference between chloric and bromic acid are, that the latter alone is 
decomposed by sulphurous and phosphorous acids, and by hydrosul- 
phuric acid; and while all the chlorates arc soluble, the bromates of 
silver and suboxides of mercury are insoluble, the former being 
a white and the latter a yellowish white precipitate. Bromic acid is 
the only known oxide of bromine. 

Chloride of bromine, BrClg.—Chlorine gas is absorbed by bro¬ 
mine, and a volatile fluid of n reddish yellow colour produced. This 
chloride appears to dissolve in water without decomposition, but in an 
alkaline solution it is converted into chloride and bromate. 

Bromide of sulphur ,—Bromine combines when mixed with flowers 
of sulphur, forming a fluid of an oily appearance and reddish tint. 


Fio. 146. 
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much resembling subchloride of sulphur in appearance and pro¬ 
perties. This bromide dissolves both sulphur and bromine^ and has 
not been obtained in a state of sufficient purity for analysis. 

Bromides of phosphorus, PBig and PBrg.—If bromine and phos¬ 
phorus are brought into contact, in a flask filled with carbonic acid gas, 
a violent action with ignition takes place, of which the products are 
a volatile crystalline solid and a yellowish liquid. The former, when 
decomposed by water, affords hydrobromic and phosphoric acids, 
which proves it to be PBrg; and the latter affords hydrochloric and 
phosphorous acids, which proves it to be PBrg. The liquid bromide 
does not freeze at and, like the liquid chloride of phosphorus, is 
capable of dissolving a large quantity of phosphorus. 

Bromide of silicon —Is prepared by a similar process as the 
chloride of silicon. It is a liquid boiling at 302° and freezing at 
10°. By water it is resolved into hydrobromic acid and silica. 


SECTION XII. 

IODINE. 

Eq. 126‘36 or 1579'5 ; I; density of vapour 8707 ; | | 

Iodine was discovered in 1811, by M. Courtois of Paris, in kelp, 
a substance from which he prepared carbonate of soda. Its chemical 
properties were examined by Clement, and afterwards, more completely 
by Davy and Gay-Lussac, particularly by the latter.* A trace of 
iodine has been observed in sea-water (Schweitzer), but it is more 
abundant in the fuci, ulvi, and other marine jilants, and also in sponge, 
the ashes of which contain iodide of sodium. It is known also to 
exist in one mineral, a silver ore of Albaradon in Mexico, 

Vreparation .—The greater part of the iodine of commerce is 
prepared at Glasgow from the kelp of the west coast of Ireland, and 
western islands of Scotland. The sea-weed thrown upon the beach 
is collected, dried, and afterwards burned in a shallow pit, in which 
the ashes accumulate and melt by the heat, being of a fusible 
material. The fused mass broken into lumps forms kelp, which was 
prepared and chiefly valued at one time for the carbonate of soda it 
contains, which varies in quantity from 2 to 5 per cent. It is not 

* Bavy, ia Philosophical Trausactious for 1S14 and 1815; Gay-Lussac in the Aunales 
de Chimie, Ixxxviii., xc., et xci. 
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all equally rich in iodine. According to the observation of Mr. 
Whitelawj the long elastic stems of the fucus palmatus afford most of 
the iodine contained in kelp, and the kelp prepared from this plant 
may be recognized by the presence of charred portions of the stems. 
This being a deep sea plant, iodine is found in largest quantity in the 
sea-wreck of exposed coasts, A liigh temperature in the preparation 
of the kelp, which increases the proportion of alkaline carbonate, 
diminishes that of the iodine, owing to the volatility of the iodide of 
sodium at a full red heat. The kelp which contains most iodine 
gvjT’erally contains also most chloride of potassium, and it is for these 
two products that the substance is now valued, more than for its 
alkali. 

The kelp broken into small pieces is lixiviated in water, to which 
it yields about half it weight of salts. The solution is evaporated 
down in an open pan, and when concentrated to a certain point, 
begins to deposit its soda salts,—namely, common salt, carbonate and 
sulphate of soda,—wliich are removed from the boiling liquor by 
means of a shovel pierced with holes like a colander. The liquid is 
afterwards run into a shallow pan to cool, in which it deposits a crop 
of crystals of chloride of potassium; the same operations are repeated 
upon the mother-ley of these crystals until it is exhausted. A dense 
dark-coloured liquid remains, which contains the iodine, in the form, 
it is believed, of iodide of sodium, but mixed with a large quantity 
of other salts; and tliis is called the iodine ley. 

To this ley, sulphuric acid is gradually added in such quantity as 
to leave the liquid very sour, which causes an evolution of carbonic 

I'lG. 147. acid, sulphuretted hy¬ 

drogen, and sulphurous 
acid gases, with a con¬ 
siderable deposition of 
sulphur. After stand¬ 
ing for a day or two, 
the ley so prepared is 
heated with binoxide 
of manganese, to sepa- 
ate the iodine. This 
operation is conducted 
in a leaden retort a 
(see fig. 147) of a cylin¬ 
drical form, supported 
in a sand-bath, wliich 
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is heated by a small fire below. The retort has a large opening, to 
which a capital, h c, resembling the head of an alembic, is adapted, 
and luted with pipe-clay. In the capital itself there are two openings, 
a larger and a smaller, at h and <?, closed by leaden stoppers. A 
aeries of bottles «?, having each two openings, connected together as 
represented in the figure, and with their joinings luted, are used as 
condensers. The prepared ley being heated to about 140° in the 
retort, the manganese is then introduced, and b c luted to a. Iodine 
immediately begins to come off, and proceeds on to the condensers, 
in which it is collected j the progress of its evolution is watched by 
occasionally removing the stopper at <?; and additions of sulphuric 
acid or manganese are made by 5, if deemed necessary. The success 
of the experiment depends much upon its being slowly conducted, 
and upon the proper management of the temperature, which is more 
easily regulated when the quantities of materials are considerable, 
than when the experiment is attempted with small quantities in glass 
flasks. In the latter circumstances, chlorine is often evolved with 
tlie iodine, which escapes in acrid fumes, as tlie cliloride of iodine, 
and is lost; but this accident can be avoided in the manufiicturing 
.process. A little cyanide of iodine often accompanies the iodine, 
which being more volatile, condenses in the form of white, flexible, 
prismatic crystals, in the bottle most distant from, the leaden retort. 

In this operation the binoxide of manganese will be in contact at 
once with hydriodic, hydrochloric, and sulphuric acids; and the 
iodine of the hydriodic acid may be liberated, from the union with 
its hydrogen of the oxygen of the manganese, and the formation 
of water; or hydrochloric acid may be first decomposed by the 
manganese, and chlorine decompose the hydriodic acid and liberate 
iodine. If a considerable excess of sulphuric acid be employed, 
iodine is obtained without the use of binoxide of manganese, the 
oxygen required by the hydrogen of the hydriodic .acid being supplied 
by the sulphuric acid, a part of wliich is converted into sulphurous 
acid. Tlie presence of iodine in the prepared ley may be observed 
by suddenly mixing it with an equal volume of oil of vitriol, when 
violet fumes of iodine appear. But the quantity of iodine may be 
more accurately estimated by means of a solution consisting of 1 part 
of crystallized sulphate of copper and cr. protosulphate of iron, 
which throws down an insoluble subiodide of copper, almost white. 
It may also be detcrinined approximatively by precipitation by the 
aminonio-nitrate of silver. 
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Properties. —^Iodine is generally in crystalline scales of a bluish 
black colour and metallic lustre. It is obtained, from solution, in 
modidcations of an elongated octohedron with rhomboidal base (fig. 
148.) The density of iodine is 4'948 ] it fuses at 225°, and boils at 

Fig. 148. 



347°; but it evaporates at the usual temperature, and more rapidly 
when damp than when dry, diffusing an odour having considerable 
resemblance to chlorine, but easily distinguished from it. Iodine 
stains the skin of a yellow colour, which however disappears in a few 
hours. Its vapour is of a splendid violet colour, which is seen to 
great advantage when a scruple or two of iodine is thrown at once 
upon a hot brick. Hence its name, from violet-coloured. 

The vapour of iodine is one of the heaviest of gaseous bodies, its 
density being 8716 according to the experiment of Dumas, and 
8707*7 according to calculation from its atomic weight. 

Pure water dissolves about 1-7000th of its weight of iodine, and 
acquires a brown colour; but when cliarged with a salt, particularly 
the nitrate or hydrochlorate of ammonia, water dissolves a con¬ 
siderably greater quantity of iodine. The solution of iodine docs not 
disengage oxygen in the light of the sun, and does not destroy 
vegetable colours, but after a time it becomes colourless, and then 
contains hydriodic and iodic acids. In other respects, iodine generally 
comports itself like chlorine, but its affinities are much less powerful. 
Iodine is soluble in alcohol and ether, with which it forms dark 
reddish-brown liquids. Solutions of iodides, too, all dissolve much 
iodine, and become of a deep red colour. A liquid containing 
20 grains of iodine and 30 grains of iodide of potassium in 1 ounce 
of water, is known as LugoVs solution, and preferred to the tincture 
in medicine, because the iodine is not precipitated from it by dilution 
with water. 

A solution of starch forms a compound with iodine, of a deep blue 
colour, soluble in pure water but insoluble in acid and saline 
solutions, the production of which is an exceedingly delicate test of 


IODINE. 


495 


iodine. If the iodine be free, starch produces at once the blue 
compound, but if the iodine be in combination as a soluble iodide, 
no change takes place till chlorine is added to liberate the iodine. 
If more chlorine, however, be added than is necessary for that 
purpose, the iodine is withdrawn from the starch, chloride of iodine 
formed, and the blue compound destroyed. Dr. A. T. Thomson, 
after adding the starch with a drop of sulphuric acid to the liquid 
containing an iodide, in a cylindrical vessel, allows the vapour only 
from the chlorine-water bottle to fall upon the solution, and not the 
chlorine-water itself. In this way, the danger of adding an excess of 
chlorine is easily avoided, and the test indicates in a sensible manner 
an exceedingly minute quantity of iodine. The iodide of starch, in 
water, becomes colourless when heated, but recovers its blue colour 
if immediately cooled. The soluble iodides give, with the nitrate of 
silver, an insoluble iodide of silver, of a pale yellow colour, insoluble 
in ammonia; with salts of lead, an iodide of a rich yellow colour, 
and with corrosive sublimate, a fine scarlet iodide of mercury. 

In ascertaining the quantity of iodine in the mixed chlorides, and 
iodides of mineral waters and other solutions, Rose recommends the 
addition of nitrate of silver, which throws down a mixture of chloride 
and iodide of silver, which is fused and weighed. This is afterwards 
heated in a tube and chlorine passed over it, by wliich the iodine is 
expelled, and the whole becomes chloride of silver. It is weiglied 
again, and a loss is found to have occurred, owing to the equivalent 
of the replacing chlorine being less than that of the replaced iodine. 
This loss, multiplied by 1*389, gives the quantity of iodine originally 
present, which has been expelled by the chlorine.* Dr. Schweitzer 
employs a similar method in estimating the quantity of iodine when 
mixed with bromine, heating the iodide and bromide of silver in an 
atmosphere of bromine. The difference of weight multiplied by 
2*627 gives the proportion of iodine, and multiplied by 1*627 the 
proportion of bromine.t 

Uses .—Iodine is employed in the laboratory for many chemical 
preparations, and as a test of starch. It was first introduced into 
medicine by Coindet of Geneva, w'ho employed it with success, in the 
treatment of goitre, dissolved in alcohol, in solution of iodide of 

♦ Ilandbuch der nnalytischen Chemie von Heinrich Rose, B. % p. 577. 

t Phil. Mag. 8d series, xv. p. 57, 
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potassium, or as iodide of sodium j and since that application, most 
mineral waters to which the virtue of curing goitre was ascribed, 
have been found to contain iodine. M. Boussingault has adduced 
striking confirmations of the efficacy of iodine in that disease, in his 
interesting memoir on the iodiferous mineral waters of the Andes.* 
It appears to have a specific action in causing the absorption of 
glandular swellings, and is also administered as a tonic. Iodine 
swallowed in the solid state causes ulceration of the mucous membrane 
of the stomach, and death. But the iodide of potassium or sodium 
is not poisonous in considerable doses, nor is the iodide of shirch 
hurtful (Dr. A. Buchanan). Iodine and bromine have also found 
an interesting application to form the film of iodide or bromide of 
silver, in tiie silver-plates ol the daguerreotype, which is so sensitive 
to light. 

Iodides .—Iodine does not form a hvdrnte like chlorine, but it 
combines with another compound body, ammonia; dry iodine ab¬ 
sorbing dry ammoniacal gas and running into a brown liquid, wliich 
Bineau found to contain 20.4 ammonia to 100 iodine, quantities in 
the proportion of 3 equivalents of ammonia to 2 of iodinc.f This 
liquid dissolves iodine. Iodine does not combine with dry iodide of 
potassium, but with the addition of a small quantity of water, it forms 
what appears to be a ternary compound of iodide of potassium, water 
and iodine, wdiich is usually fluid, but was obtained in crystals by 
Bauer. Iodine forms similar compounds with other hydrated metallic 
iodides. With the metals generally iodine combines, with the same 
facility, and nearly with as much energy as chlorine docs. The 
iodide of zinc and protiodide of iron, winch arc very soluble, are 
formed by simply bringing the metals into contact with iodine, in 
water. All the iodides are decomposed by bromine, ns well as by 
chlorine. 

The compounds of iodine may be shortly described in the fol¬ 
lowing order: 


Ilydriodic acid . HI 
Iodic acid . . . lO^ 

Periodic acid . . lO, 

Iodide of nitrogen Nh 


Iodide of sulphur 
Iodides of phosphorus 
Chlorides of iodine 
Bromides of iodine. 


* Aniisilca de Chim. et du Phys, liv. 163. 
t Ibid, livii. 226. 
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COMPOUNDS OP IODINE. 

Hydriodic acid; 127.36 or 1592; HI.—Ilydriodic acid can¬ 
not be prepared, with advantage by treating the iodide of sodium or 
potassium with hydrated sulphuric acid, as the latter is partially con¬ 
verted into sulphurous acid by hydriodic acid, with the separation of 
iodine. It may be obtained in the state of gas, by forming an iodide 
of phosphorus, 9 parts of dry iodine and 1 of phosphorus being in¬ 
troduced into a tube sealed at one eud, to be used as a retort. 

Fig. 149. 



and the mixture covered by pounded glass, and combination de¬ 
termined by a gentle heat j and afterwards decomposing this iodide 
of phosphorus by a few th*o]is of water. Ilydriodic acid instantly 
comes off as gas, and hydrated ])hosphorous acid remains in the tube : 

PT 3 and 6HO=:3HI and SHO + POg. 

A slight heat may be applied to the tube, when the action abates, to 
expel the last portions of hydriodic acid; but if the temperature be 
elevated, the residuary hydrated phosphorous acid is decomposed, with 
evolution of phosphuretted hydrogen gas, which may, therefore, be 
obtained by the same operation. This gas is very soluble in water, 
and soon decomposed over mercury, which combines with its iodine 
and liberates hydrogen ; so that it is collected in a dry bottle, B, by 

2 K 
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the method of displacement, and the bottle is closed with a glass 
stopper when full of gas. Hydriodic gas is colourless, of density 
4443 by experiment and 4385 by theory, and consists of 2 volumes 
of iodine vapour and 2 volumes of hydrogen gas united without con¬ 
densation, or forming 4 volumes, which are, therefore, the combining 
measure of the gas. In the combination of its constituents by 
volume, hydriodic acid resembles hydrochloric gas and all the other 
hydrogen acids. Hydriodic gas is gradually decomposed by oxygen, 
with the formation of water : iodine is liberated. 

The solution of this acid in water may be obtained by transmitting 
hydrosulphuric acid gas tlirough water in which iodine is suspended : 
the iodine combines with the hydrogen of that compound and liberates 
the sulphur. The liquid may afterwards be warmed to expel the ex¬ 
cess of hydrosulphiuic acid, and filtered. It is colourless at first, but 
in a few hours becomes red, owing to the decomposition of hydriodic 
acid by the oxygen of the air, and solution of the iodine in the acid. 

The solution has its maximum boiling point, which lies between 
257° and 262°, when of sp. gr. 1.7, according to Gay-Lussac. 
Nitric and sulphuric acids decompose it, and arc decomposed them¬ 
selves with the formation of water; the starch test then indicates free 
iodine. 

Iodic acid ; 166.36 or 2079.5 ; IO 5 .—Iodine does not afford a 
peculiar *acid compound with red oxide of mercury and those mettJlic 
oxides which yield free hypochlorous acid with chlorine. Nor is it 
absorbed, like chlorine, by hydrate of lime or alkaline solutions, to 
form a class of bleacliing salts. Such compounds are wanting in the 
series of oxides of iodine, which is limited to hypoiodic, iodic, and per¬ 
iodic acids. Sementini imagined that he had formed inferior oxides 
of iodine, but he is evidently mistaken. The iodate of soda combines 
with iodide of sodium in several proportions, one of which was sup¬ 
posed by Mitscherlich, when he discovered it, to be an iodite of soda; 
but that this is a double salt of the constitution first mentioned 
is more probable. 

A few grains of iodic acid may easily be prepared by the method of 
Mr. Connel, which consists in heating the most concentrated nitric 
acid, free from nitrous vapour, upon a little iodine, in a wide glass 
tube, and allowing the liquid to cool; the iodine is oxidated at the 
expense of the nitric acid, and the greater part of the iodic acid is de¬ 
posited in crystals. "When a larger quantity is required, a convenient 
process is to form, in the first place, an iodate of soda, as suggested 
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by Liebig. An ounce or two of iodine in powder may be suspended 
in a pound of water, with occasional agitation, and a stream of chlo¬ 
rine be passed through till the whole iodine is dissolved. Carbonate 
of soda is then added to the liquid, which is of a brown colour and 
strongly acid, till it becomes slightly alkaline, when a large precipi¬ 
tation of iodine occurs, which may be separated and collected on 
a filter. Tliis iodine may be suspended in water, and exposed to a 
stream of chlorine as before. 

5C1 and 5HO and I = 5HC1 and lOg. 

The filtered solution contains iodate of soda and chloride of 
sodium, with a trace of carbonate, which may be neutralized by hy- 
drocliloric acid. On afterwards adding chloride of barium to the fil¬ 
tered solution, so long as a precipitate is produced, the whole iodic 
acid is thrown down as iodat(; of baryta, which may be collected on 
a filter and dried. This iodate is anhydrous, and may be decom¬ 
posed completely, by boiling 9 parts of it for half an hour with 2 
parts of oil of vitriol, diluted with 10 or 12 parts of water. The 
liberated iodic acid dissolves, and being separated from the sulphate of 
baryta by filtration, is obtained as a crystalline mass when evaporated 
to dryness by a gentle heat. 

Tliis acid is also prepared very easily, according to M. ]!k![illon, by 
digesting iodine in a mixture of nitric acid and chlorate of potash j 
the proportions recommended arc 4 of iodine, 7.5 chlorate of potash, 
10 of nitric acid, and 40 of water. The iodic acid is afterwards pre¬ 
cipitated in the form of iodate of baryta, as in the preceding process, 
the iodate of baryta then decomposed by sulphuric acid. 

Iodic acid crystallizes from a strong solution, as a hydrate, HO.IO5, 
in large and transparent crystals, which are six-sided tables. This acid 
is not sublimed, but decomposed into iodine and oxygen, by a higli tem¬ 
perature, without any formation of periodic acid. Another definite 
hydrate of iodic acid was obtained by M. Millon, containing only 
one-third of an equivalent of water, by maintaining the protohydrate 
at a temperature of 266° (130° C.), so long as it continued to lose 
weight. It is also formed when the protohydrate is mixed with an 
excess of anhydrous alcohol. By drying eitlier of these hydrates at 
338° (170° C.), iodic acid is obtained entirely anhydrous (IO5). 

Iodic acid is very soluble in water j and after reddening, bleaches 
litmus paper. It oxidates all metals with which it has been tried, 
except gold and platinum. It is deoxidized by sulphurous acid 
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and hydrosnlpliniic acid, and iodine liberated, but an excess of snl- 
phurous acid causes the iodine again to disappear as hydriodic acid, 
water being decomposed by the simultaneous action of sulphurous 
acid and iodine upon its elements. Iodic acid is easily decomposed 
by heat, disengaging oxygen and vapours of iodine. It is soluble in 
water, alcohol, and ether. 

lodates .—The salts of iodic acid have a general resemblance to 
the chlorates; when thrown upon burning embers they enliven the 
combustion, but with less vivacity than chlorates. The iodate of 
potash is converted by heat into iodide of potassium and oxygen; so 
that the composition of iodic acid may be determined from that 
of iodate of potash, in the same manner as the comj)osition of cldoric 
acid is determined from that of chlorate of potash. The iodate of 
soda, however, loses iodine as well as oxygen, when lieatcd, and a 
yellow, sparingly soluble, alkaline matter remains, whicdi Liebig suj)- 
poses to contain the salt of an iodous acid, resolvable into an iodate 
and iodide by solution in water, but wliicli retpiircs further investi¬ 
gation. The iodates of metallic protoxides, with the exception of the 
potash family, are all sparingly solubh; or insoluble salts. The iodate 
of lime contains water, and when heated affords no iodide of calcium, 
but caustic lime. 

Eixed acids, which have little afliiiity for water, such as iodic acid, 
appear often to combine in several proportions wdth oxides of the 
potash family. The ordinary biniodatc of potash contains 1 cq. of 
basic water, but at a liigh temperature it is made anhydrous, and then 
a salt remains containing 2 cq. of acid to 1 of potash. Mr. Penny 
has crystallized a biniodate and teriodate of soda, both anhydrous. 

Iodic acid likewise combines with other acids. These compounds 
generally precipitate in a crystalline form, when another acid is added 
to a hot and concentrated solution of iodic acid. Compounds of sul¬ 
phuric, nitric, phosphoric, and boracic acids, with iodic acid, have been 
formed. It has been observed by M. Millon, tliat when the compound 
with sulphuric acid is submitted to heat, oxygen is evolved, and a hypo- 
iodic acid or peroxide of iodine formed, of which the formula is IO 4 . 
There is formed besides in this decomposition, according to M. Millon, 
a peculiar double acid, which may be considered a compound of 
iodous and hypo-iodic acid, having for formula 4 TO 44 -IO 3 . When 
vegetable acids are dissolved in iodic acid, they are immediately de¬ 
composed by it, carbonic acid being disengaged with effervescence, and 
iodine precipitated. 
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Periodic acidj Penta-iodic acid; 182.36 o;*2279.5; lOy,—This 
acid, which was discovered by Magnus and Ammermuller, is formed 
by transmitting a current of chlorine through a solution of iodate of 
soda, to which a portion of carbonate is added, and the whole main¬ 
tained in constant ebullition. On allowing the solution to cool, a 
bfisio periodate of soda is deposited in tufts of silky crystals, and the 
chloride of sodium, formed at the same time, retained in solution. 
This basic periodate of soda, which is almost insoluble in cold water, 
is dissolved in nitric acid, and nitrate of silver added, which throws 
lioAvn a basic periodate of silver, also of sparing solubility. The last 
salt may be washed, and afterwards dissolved in boiling nitric acid, 
and the solution on cooling yields orange-yellow crystals of neutral 
periodate of silver. It is remarkable that when these crystals are 
throAvn into water they are decomposed, the whole oxide of silver pre¬ 
cipitating with half the periodic ‘.\cid, as the former basic periodate, 
while half of the acid is dissolved by the water without a trace of silver, 
and obtained in a state of purity. This solution wlien evaporated 
affords periodic acid in crystals, whicli are unalterable in the air, and 
of which the solution in water is not changed by ebulhtion. The 
crystals fuse about 266° (130° C.). The solution, treated mth hy¬ 
drochloric acid, affords chlorine and iodic acid, water being formed. 
Periodic acid is resolved into oxygen and iodine by a high tem¬ 
perature. 

Periodates. —Besides neutral salts of this acid, subsalts of the 
potash family exist which contain two of base to one of acid. The 
s})aring solubility of the basic salt of soda is the most remarkable 
cliaracter of periodic acid. True subsalts of the potash family are 
so (ixtripicly unusual, that it is more probable that periodic acid 
forms a second and bibasic class of salts, to which tliey belong.* The 
pc'riodatcs arc decomposed by heat like the iodates, but yield more 
oxygen. 

Iodide of }ntro<jen. —^Dry iodine and ammonia unite directly, and 
form a brown licpiid, of which the formula is 3(H3N).l2. But when 
digested in thife solution of ammonia, iodine acts upon that substance 
as chlorine does, and forms an insoluble black powder, which is 
powerfully detonating, and analogous to the chloride of nitrogen. The 
iodide detonates more easily, but less violently, than the chloride, al¬ 
ways exploding spontaneously when it dries. Another process is to 


* Poggendorff’a Anuoleii, xxviii. 514. 
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mix a great excess of ammonia with a saturated solution of iodine in 
alcohol, and afterwards to add water so long as iodide of nitrogen 
precipitates. The filter with the humid precipitate should be divided 
into several pieces, otherwise the whole may explode at once upon 
drying. 

Although named the iodide of nitrogen, tliis substance contains 
hydrogen as a constituent, according to the observations of M. Bincau, 
and may be represented by I 2 HN ; or ammonia in which 2 eqs. of 
hydrogen are replaced by 2 eqs. of iodine. The same substance is 
represented by Millon, as I 3 N + 2 H 3 N. 

When caustic soda is added to tlie solution of iodine in alcohol or 
wood-spirit, a yellow substance of a saffron odour precipitates, which 
was supposed at one time to be the periodide of carbon, but is really 
iodoform, of w'hicli the formula is C 2 HI 3 . No true iodide of carbon 
is known. 

Iodide of eulphur .—Tliis compound is formed by fusing together 
4 parts of iodine and 1 of sulphur. It has a radiated crystalline 
structure, but its elements are easily disunited, the iodine escaping 
entirely from this compound when it is left exposed in the air. 

Iodides of phosphorus .—Iodine appears to combine with phos¬ 
phorus in several proportions, when they are brought in contact and 
slightly heated. In all these combinations the mass becomes hot 
without inflaming, if the phosphorus is not at the same time in con¬ 
tact with air. One part of phosphorus with 6 , 12, and 20 parts of 
iodine, forms fusible solids, which may be sublimed without change, 
but whieh are decomposed by water, all of them yielding hydriodic 
add, and the first aflbrding, besides phosjfliorus and phosphorous 
acid, the second phosphorous acid, and the third phosphoric ^id. 

Chlorides of iodine .—Chlorine is readily absorbed by dry iodine; 
when the latter is in excess, a protochloride, ICl, appears to be 
formed; and when the chlorine is in excess, a terchloride, ICI3. 

Berzelius produced the protochloride by distilling a mixture of 1 part 
of iodine with 4 parts or more of chlorate of potash. There is formed in 
the retort a mixture of iodate and perchlorate of potash, at the same time 
that oxygen gas is disengaged, and the chloride of iodine is produced, 
which condenses in the receiver. Tliis compound is a yellow or red¬ 
dish liquid, of an oily consistence, of a sharp and peculiar odour, and 
taste which is feebly acid, but Irery astringent and rough. It is 
soluble in water and alcohol; and ether extracts it from its aqueous 
solution unaltered, so that it is not decomposed by water. 
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When iodine is saturated with chlorine, it forms a compound 
which is solid and crystallizable, and of a yellow colour; fusible by 
heat, but which cannot be sublimed without loss of chlorine. It 
fumes in air, and has an acrid odour. When this tcrchloride of 
iodine is dissolved in water, and the solution saturated with carbonate 
of soda, chloride of sodium is formed, and some iodate of soda; while 
at the same time a large quantity of iodine precipitates. By the 
continued action of chlorine upon iodine in a considerable quantity 
of water, the liquid becomes at last entirely colourless, and then 
contains nothing but hydrochloric and iodic acids. 

Bromides of iodine .—Iodine likewise forms two bromides, which 
are both soluble in water. The solution bleaches litmus paper 
without first reddening it. 


SECTION XIII. 

FLUOllINE. 


E<]. 18.70 or 233*8; F; density {hypotJietical) 1292 ; | | 

This elementary body is most frequently found in the mineral 
kingdom in combination with calcium, as fluoride of calcium, which 
constitutes the mineral fluor-spar; it exists in small quantity in 
amphibole, mica, and most of the natural phosphates : a trace of it 
also occurs in the enamel of the teeth, and in the bones of animals. 
Of all bodies, fluorine appears to possess the most powerful and 
general affinities, and to be, therefore, the most difficult to isolate 
anil preserve for the study of its properties. Indeed, we have hitherto 
learned little more of fluorine than that it exists and may be isolated. 
Several of its compounds, however, are of less difficult preparation, 
and well known. 

Sir H. Davy made several attempts to isolate fluorine. He ex¬ 
posed the fluoride of silver in a glass tube to gaseous chlorine, at a 
high temperature, and found that cliloride of silver was produced, 
and fluorine therefore liberated; but it was absorbed and replaced by 
oxygen, which it disengaged from the silica and soda of the glass. 
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When Davy repeated the same experiment in a platinum veiwel, the 
metal became covered with fluoride of platinum. He proposed 
afterwards to construct vessels of fluor spar for the reception of the 
fluorine, which he expected to disengage from the fluoride of phos¬ 
phorus by burning it in oxygen gas; but he does not appear to have 
carried this project into execution. The Messrs. Knox and M. 
Louyet have announced that they have separated fluorine from the 
fluorides of silver and mercury, by treating these bodies with clilorine 
or iodine in vessels of fluor-spar, when fluorine was disengaged in 
the form of a colourless gas. Gold and platinum did not appear to 
be acted upon by fluorine, except when it was in the nascent state. 

No compound of fluorine and oxygen is yet known, but a com- 
]>ound of fluorine and hydrogen is easily fonned, and is of importance 
from its applications. 


IIYDIIOFLUORIC ACID. 

Eq. 19-7 or 246-3; IIF. 

Schwankhardt, of Nuremberg, observed in 1670, that it was pos¬ 
sible to ctcli upon glass by means of fluor-spar and sulphuric acid, 
but it was not till 1771 that Schcelo referred this action to a parti¬ 
cular acid which sulphuric acid disengaged from fluor-spar. Wenzel 
first obtained the true hydrofluoric acid, exempt from silica, by pre¬ 
paring it in proper metallic vessels; tlic acid collected by Scheele 
being the fluosilicic, and not the hydrofluoric. Tlie preparation and 
properties of the pure acid were more fully studied by Gay-Lussac 
and Thenard in 1810. It was then known as fluoric acid, and was 
supposed, according to the doctrine of the day, to contain oxygen. 
The idea of its being a hydrogen acid was first suggested, a few 
years afterwards, by M. Ampere, whose views in theoretical chemistry 
were often marked by much acuteness and originality. The view of 
Ampere was generally assented to, and is confirmed by the isomorphism 
of the fluorides with the chlorides, bromides, and iodides, observed 
by M. Louyet. 

Preparation .—To obtain hydrofluoric acid, a specimen of fluor 
spar is selected, free from siliceous minerals and galena; this is 
reduced to an impalpable powder, and distilled in a retort of lead 
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160), by a gentle heat, such as that of an oil-bath, with twice its 

weight of highly concentrated oil of 
vitriol. The materials become viscid 
and swell considerably, and an acid 
vapour distils over, which is even more 
acrid and suffocating than chlorine, 
and produces severe sores if allowed to 
condense upon the hands of the ope¬ 
rator. This vapour is received in a 
bent tube, likewise of lead, used as a 
receiver, and kept cold by a freezing mixture, in which the hydrofluoric 
acid condenses without the presence of water. The acid thus obtained 
may be preserved in vessels of platinum or gold, provided with 
stoppers of the same metal which fit accurately; or in vessels of lead 
formed without tin solder, tin being rapidly acted upon by hydro¬ 
fluoric acid. If a dilute solution of tliis acid in water is required, 
the extremity of the leaden tube, from the retort, may be allowed to 
touch the surface of water in a platinum crucible or capsule, by 
which the acid vapour is readily condensed; and the dilute acid may 
be preserved, without much contamination, in a glass bottle which 
has been previously heated, and coated internally with melted bees' 
wax. 

l^luor spar, which is employed in this ojieration, is the fluoride of 
calcimn, upon wliich the action of hydrated sulphuric acid is similar 
to its action upon chloride of sodium, when hydrochloric acid is 
produced. Water is decomposed, by the hydrogen and oxygen of 
which the fluorine and calcium are converted respectively into hydro¬ 
fluoric acid and lime, the former coming off as vapour, while the 
latter remains in the retort as sulphate of lime. In symbols— 

CaF and H 0 .S 03 = nP and CaO.SOg. 

Froperties .—The acid liquid obtained by the preceding process, 
which has hitherto been considered as the anliydrous acid, is, 
according to M. Louyet, a hydrate. Distilled with anhydrous 
phosphoric acid, it loses water, and gives rise to a colourless gas, 
fuming in air like hydrochloric acid, which is the true anhydrous 
hydrofluoric acid. M. Louyet finds this gaseous acid to have no 
sensible action upon dry glass. 

The former product is a colourless, fuming, and very volatile 
liquid, boiling not much above 60°; and which does not freeze at 4°. 
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Its sp. gr.j which is 1*0609, is increased to 1*25 by the addition of 
a certain quantity of water, for which it has an intense oARnity. 
Hydrofluoric, like hydrochloric acid, dissolves the more oxidable 
metals with the evolution of hydrogen gas. Mixed with nitric acid, 
it dissolves ignited silicon and titanium, with disengagement of nitric 
oxide ; but that acid mixture has no action upon the nobler metals, 
such as gold and platinum, which are dissolved by aqua regia. 
Several insoluble acid bodies, which are not acted on by sulphuric, 
nitric, or hydrochloric acid, are dissolved with facility by hydrofluoric 
acid; such as silica, titanic, tantalic, molybdic and tungstic acids. 
Water is then formed from the oxygen of these acids and the 
hydrogen of hydrofluoric acid, and fluorides of silicon or of the 
metals of the acids enumerated are likewise produced; which 
fluorides appear to combine with undecomposed hydrofluoric acid, 
when water is present. Tliis acid destroys glass by acting upon its 
silica. If a drop of the concentrated acid be allowed to fall upon a 
glass plate, it becomes hot, enters into ebullition and volatilizes in a 
thick smoke, leaving the spot with which it was in contact deeply 
corroded, and covered by a white powder composed of the elements 
of the glass, excepting a portion of the silica, which has passed off as 
gaseous fluoride of silicon. 

The diluted solution, or the vapour of hydrofluoric acid, is sometimes 
used to etch upon glass. The purity of the acid being of little 
moment in this application of it, tlic sulphuric acid and fluorspar may 
be mixed in a stonc-w^arc evaporating basin. The glass is warmed 
sufficiently to melt bees’ wax rubbed upon it, and thereby covered 
with a coating of that substance, which is afterwards removed from 
the parts to be etched, by a pointed rod of lead or tin, employed as 
a graver. A gentle heat being applied to the basin, acid fumes are 
evolved, to which the etched surface of the glass is exposed for a 
minute or tw'o, care being taken not to melt the wax. The wax is 
afterwards removed by warming the glass, and wiping it with tow and 
a little oil of turpentine, when the exposed lines arc found engraved 
to a depth proportional to the time they have been exposed to the 
acid fumes. But in taking impressions upon paper from glass plates 
engraved in this way, as from a copper-plate, they are too apt to be 
broken from the pressure applied in printing. 

To discover the minute quantity of hydrofluoric acid which exists 
in many minerals, Berzelius recommends that the substance to be 
examined be reduced to fine powder and mixed with concentrated 
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sulphuric acid, in a platinum crucible covered by a small plate of 
glass, waxed and engraved as described. The crucible is then exposed 
to a gentle heat, insufficient to melt the wax, and, in half an hour, 
the glass plate may be removed and cleaned. If the mineral sub¬ 
mitted to the test contains fluorine, the design will be perceived upon 
the glass; when the quantity of fluorine, however, is very small, the 
engraving does not appear immediately, but becomes visible on 
passing the breath over the ghiss. The presence of silica in the 
mineral interferes with this operation, but an indication may then be 
obtained by heating a fragment of the mineral to redness upon a 
piece of platinum foil slipt into a glass tube, 8 or 10 inches in length, 
and open at both ends. The tube is held obliquely with the mineral 
near the lower end, and so that part of the vapour from the flame 
passes uj) the tube. The moisture thus introduced carries away 
the gaseous fluoride of silicon, and condenses in drops in the upper 
part of the tube. These drops, when afterwards evaporated, in drying 
the tube, leave a white spot, which consists of silica, coming from 
the decomposition of the fluoride of silicon by the water with which 
it condensed, (Berzelius). 

Fluoride of boron,Jluohoric acid; 67*0 or 837*5 ; BPg.—This 
compound is gaseous, and is obtained when dry boracic acid is brought 
in contact with concentrated hydrofluoric acid; uhen boracic acid is 
ignited with fluor spar i and most conveniently by heating together 
in a glass retort, 1 part of vitrified boracic acid in fine powder, 2 of 
fluor spar, and 12 of concentrated sulphuric acid, although this 
process docs not give it free from fluosilicic acid. The reaction by 
which the fluoboric acid is then produced may be thus expressed— 

3CaF and BO3 and 3(110.803) = 3 (CaO.SOj) andSHO and BF3. 

Fluoboric acid gas has no action upon glass, and may be collected 
in glass vessels over mercury. It is colourless, but produces thick 
fumes when allowed to escape into the atmosphere. Its density 
according to Dr. J. Davy is 2371, and 2312 according to Dumas, 
who finds 1 volume of this gas to contain 1-^- vol. of fluorine. Fluo¬ 
boric gas is not decomposed by iron and the ordinary metals, even at 
a bright red heat, but on the contrary, potassium, with the metals of 
the alkalies and alkaline earths, decomposes it at a red heat; boron 
is liberated by potassium, and a double fluoride of boron and potas¬ 
sium also formed. Water absorbs fluoboric acid gas with the greatest 
avidity, taking up, according to J. Davy, 700 times its volume, which 
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increases its bulk considerably, and raises its density to 1*77. Sul¬ 
phuric acid can dissolve 50 times its volume of the fluoride of boron. 
The most ready mode of preparing the aqueous solution of this acid 
is to dissolve crystallized boracic acid in hydrofluoric acid. The 
acid is extremely caustic and corrosive, charring and destroying wood 
and organic matters, when concentrated, like sulphuric acid, probably 
from its avidity for moisture. 

A dilute solution of fluoride of boron undergoes spontaneous de¬ 
composition, according to Berzelius, depositing one fourth of its 
boron in the form of boracic acid, which crystallizes at a low tem¬ 
perature; while a compound of hydrofluoric acid and fluoride of 
boron remains in solution, which he termed hyilrofluohoric acid. 
The fluoride of boron has a great disposition to form double fluorides, 
and acts upon basic metallic oxides like the following compound. 

Fluoride of fiilicoUyJiuofiilicic acid; 77.45 or 968.12; Si I’3.— 
This gas is obtained in the following manner:—Equal parts of fluor 
spar and broken glass or quartzy sand, in fine powder, are mixed in a 

glass flask a (fig. 151), to be used as 
a retort, with six parts of concentrated 
sulphuric acid, and stirred well together. 
A disengagement of gas immediately 
takes place, and the mass swells up 
considerably. After a time, a gentle 
heat is retiuired to aid the operation. 
Eluosilicic gas is collected over mer¬ 
cury. In its physical characters it 
resembles fluoboric gas. It is colour¬ 
less and fumes in air; it extinguislies 
bodies in combustion, and does not 
attack glass. Its density is 3574 according to J. Davy, and 3600 
according to Dumas; it contains twice its volume of fluorine. 

In transmitting this gas into water, the tube must not dip in the 
fluid, for it would speedily be choked by the deposition of silica pro¬ 
duced by the action of w'ater upon the gas. In the arrangement 
figured, the extremity of the exit tube is covered by a small column 
of mercury ?n, in the lower part of the jar, through wliich the gas 
passes before it reaches the water w. Every bubble of gas exhibits a 
remarkable phenomenon, as it enters the water, becoming invested 
with a wliitc bag of silica, which rises to the surface. It often happens, 
ill the course of the operation, that the gas forms tubes of silica in 
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the water, through wWch it gains the surface without decomposition, 
if they arc not broken from time to time. When water is completely 
saturated with the fluoride of silicon, it has taken up about once and 
a half its weight, and is a gelatinous, semi-transparent mass, which 
fumes in the air. The liquid contains two equivalents of water to 
one of the original fluoride of silicon : but one third of the fluoride 
has been decomposed by the water and converted into hydrofluoric 
acid and silica. The hydrofluoric acid and fluoride of silicon, in 
solution, were supposed to be in combination by Berzelius, forming 
SHF4- ^SiFg, which was termed by him hydrqfiuosilicic acid.' When 
this liquid is placed in a moderately warm situation, the whole of it 
gradually evaporates j the free hydrofluoric acid reacting upon the 
deposited silica, with formation of water, and fluoride of silicon being 
revived. 

The most remarkable property of the fluoride of silicon is to pro¬ 
duce, with neutral salts of potash, soda and lithia, precipitates which 
are gelatinous, and so transparent as to be scarcely visible at first in 
the liquid; and with salts of baryta, a white and crystalline precipi¬ 
tate, which appears in a few seconds. It is often employed to 
decompose a salt of potash, for the purpose of isolating its acid. It 
also serves to distinguish salts of baryta from salts of strontia; the 
salts of baryta producing with this acid a salt scarcely soluble in 
water, while the salts of strontia arc not precipitated. 

Almost all the basic metallic oxides decompose this acid, when 
they are employed in excess, separating silica, and giving rise to 
metallic fluorides. When, on the other hand, no more of the base 
is applied than the quantity required to neutralize the free hydro¬ 
fluoric acid, combinations arc obtained with all bases, which are 
analogous to double salts; consisting of a metallic fluoride combined 
with fluoride of silicon, the proportion of the latter containing twice 
as much fluorine as the former. The formula of one of these com¬ 
pounds, the double fluoride of silicon and potassium, is 2SiF3 + 3KF; 
and those of other metals are similar. The ratio of 2 to 3, in the 
efjuivalents of the two fluorides which form these double salts, is 
unusual. But the double fluorides in question may be represented 
by single equivalents of fluoride of silicon and meiallic fluoride, as 
was suggested by Dr. Clark, by adopting the low equivalent of 
silicon 12.6, when silica is made to consist of 1 equivalent of silicon 
and 2 equivalents of oxygen, and the fluoride of silicon of 1 equiva¬ 
lent of silicon and 2 equivalents of fluorine. 
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CHAPTER VI, 

METALLIC ELEMENTS. 


General Observations. 

The metallic class of elements is considerably more numerous tliaii 
the non-mctallic class, embracing forty-eight elementary bodies. Of 
these seven only were known to the ancients, and of the remainder, 
a large proportion are of recent discovery. Their names and their 
densities, when accurately determined, with the dates and authors of 
their discovery, are contained in the following tabic, compiled chiefly 
from the w'ork of Dr. Turner:— 


Table of Metah. 


Name. 

Gold. 

Silver. 

Iron. 

Copper. 

Mercury. 

Lead . 

Tin. 

Antimony. ... 

Bismuth. 

Zinc. 

Arsenic. 

Cobalt. 

Platinum. 

Nicktl. 

Manganese ... 
Tungsten...... 

Tellnrinm.... 

Molybdenum . 
Uraninm...... 

Titanium. 

Chrominm ... 
Tantalum .... 
Palladium.... 

Khodium. I 

Iridium . 

Osmium. 


Density. 

19‘2o7 Brisson, to 19'361' 

10‘474, ditto. 

7 -778, ditto. 

8*895, Hatchett . 

; 13'696, at 32° Itegnault 

! 11*352, Brisson. 

; 7*291. ditto.^ 

6 ‘702, ditto . 

9*822, ditto . 

6*861 to 7*1, ditto. 

5*884, Turner .7 

8*538, Haiiy .j 

20*336 Brisson, to 22 069 . 

8*279, Richter .. 

7*500 . 

17*6, D’Elhuyart. 

6115, Klaproth. 

7-400, Hielm. 

9*000, Bucholz. 

5*3, Wollaston . 

6*9, . 

i’i*3 to i'i-S, Wollaston 

10-649 .j 

18-680. 

10-0 . 


Dates and Authors of the Discovery. 


Known to the Ancients. 


1490, described by Basil Valentine. 
1530, described by Agricola. 

16th century, first mentioned by Paracel- 

1733, Brandt. , 

1741, Wood, assay-master, Jamaica. 
1751, Cronstedt. 

1774 , Gohn and Schcelc. 

1781, D’Elhuyart. 

1782, Miillcr. 

1782, Hielm. 

1789, Klaproth. 

1791 , Gregor. 

1797 . Vauquelin. 

1802, Hatchett. i 

1803, Wollaston. 

1803, Descolils and Smithson Tennant. 
1803, Smithson Tennant. 
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Table of Metals —continued. 


Name, 

Density. 

Dates and Authors of the Discovery. 

Cerium. 



1804, HUiugcr and Berzelius. 

1807, Davy. 

Potiiasium.... 

Sodium. 

Barium. 

0*865 ■) Gay Lussac and^ 
0*072 3 Thcnard. 


Strontium.... 



Calcium . 




Cadmium .... 

8*604, Stromeyer . 


1818, Stromeyer. 

1818, Arfwodsoii. 

Lithium__ 



Zirconium.... 



1824, Berzelius. 

Aluminum ... 




GIncinum .... 

. 

f 

► 

1828, Wohler. 

Yttrium . 

. 



Thorium. 



1829, Berzelius. 

Magnesium... 
Vanadium.... 


1820, Bussy. 

1830, Sefstrom. 

1839, Mosandcr. 


Lantanum.... 


Didymium ... 
Erbium . 





Since 1840, Mosandcr. 

Terbium. 



Ruthenium ... 



1844, Klaus, 

Pclopium .... 
Niobium. 


> 

1845, 11. Rose. 








Of the physical properties of metals and their combinations with 
each other, the most characteristic is their lustre and power to reflect 
much of the light which falls upon them,—a projjcrty exhibited in a 
high degree by burnished steel, speculum metal, and the reflecting 
surface of mercury in glass mirrors. Metals are also remarkable for 
their opacity, although they have a certain degree of transparency in 
a Jiighly attenuated state, as fine gold-leaf allows light of a green 
colour to pass through it. They are peculiarly the conductors of 
electricity, and also the best conductors of heat. The most dense 
substances in nature arc found among the metals,—gold, for instance, 
being upwards of nineteen, and laminated platinum twenty-two times 
heavier than an equal bulk of water. But some of the metals, not¬ 
withstanding, are very light, potassium and sodium floating upon 
the surface of water. 

Certain metals possess a valuable property, malleability^ depending 
upon a high tenacity with a certain degree of softness; particularly 
gold, silver, copper, tin, platinum, palladium, cadmium, lead, zinc, 
iron, nickel, potassium, sodium, and solid mercury. These metals 
may all be hammered out into plates, or even into thin leaves. In 
zinc this property is found in the highest degi*ee between 300° and 
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400®, and in iron at a degree of temiKjniture exceeding a red heat. 
The same metals are likemsc ductiloy or may be drawn into wires, 
although the ductility of different metals is not always proportional 
to their mtdleability, iron being highly ductile, although it cannot be 
beaten into very thin leaves. By a peculiar method, Dr. Wollaston 
formed gold wire so small that it was only 1-5000th of an inch in 
diameter, and 550 feet of it w^ere required to weigh one grain. He 
also obtained a wire of platinum not more than l-f30,000th of an 
inch in diameter*. The tenacity of different metals is determined 
by ascertaining the weight required to break wires of them having 
the same diameter. Iron appears to possess that property in the 
greatest, and lead in the least degree. It has been observed by M. 
Baudrimont that the tenacity of wires of iron, copper, and brass, is 
much injured by annealing tliemf. A few of the malleiiblo metals 
can be welded^ or portions of them joined into one by hammering 
them together. Pieces of iron or platinum may be united in this 
manner at a briglit red heat, and fragments of potassium may be 
made to adhere by pressing them together with the hand at the tem¬ 
perature of the air. Many metals are only malleable in a low degree, 
and some are actually brittle,—such as bismuth, antimony, and arsenic. 

The metals, wdth the exception of mercury, are all solid at the 
temperature of the air, but they may be liquified by heat. Their 
points of fusion are very different, as will appear from the following 
table: 


Table of the Fusibility of different Metals. 


’Mercury . 

Futassium. 

Sodium. 

Tin . 

Bismuth . 

Lead . 

Fusible below a •{ Tellurium — rather less 

red heat. fusible than lead . 

Arsenic—nndetennined. 

Zinc . 

Antimony—a little below 
a red heat. 

Cadminm . 


Fahr. DirrERENT Chemists. 
—39'’ 

130 7 

190 I Cay-Lussac and Thenord. 

442 

497 Crichton. 

612 ) 

Klaproth. 

773 Dauidl. 

442 Stroineycr. 


* Philosophical Transactions, 1818. 
t Annales de Cfaim. el dc Phys. Is. 7B. 
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Infusible below 
a red heat. 


TaJile of the Fusibility of different Metals —continued. 

Fahr. Ditfeeent Chemists. 

f Silver 1873°) 

Copper . 1996 > Datiiell. 

Gold. 3018 ) 

Cobalt—rather less fusible 
than iron. 

Iron, cast . 2736 Daiiicll. 

.} Requiring the highest heat of a smith’s forge. 

Nickel—nearly the same as cobalt. 

Palladium. 

Molybdenum ) Almost infusible, and not to' 

Uranium. > be procured in buttons by 


'I'ungsten 
Chromium .. 
Titanium . .. 

Cerium . 

Osmium. 

Iridium . 

Rhodium. 

I Platinum . .. 
i_Coluinbium.. 


the heat of a smith’s forge.. 


Fusible before the oxi- 
hydrogen blow-pipe. 


Infusible in the heat of a smith’s forge, but fusible 
before the OKi-hydrt»gcn blow-pipe. 


The metallic elements are, in general, highly fixed substances, 
although it is probable that all of them may be dissipated at the 
highest temperatures. The following metals are so volatile as to be 
occasionally distilled,—cadmium, mercury, ai’seuic, tellurium, sodium, 
potassium, and zinc. 

All the metals arc capable of uniting with oxygen, but they differ 
greatly from each other in their aillnity for that clement. The greater 
number of them absorb oxygen from dry air at the usual temperature, 
and undergo oxidation, which is only slight and superficial in many, 
w hen they are in mass, but may be complete and perfect in the same 
metals, when tlicy arc highly divided, and in a favourable state for 
combination, as in the lead and iron pyrophorus exposed to air. 
The same metals exhibit, at a high temperature, a more intense 
afiinity for oxygen, and combine with tlie phenomena of combustion. 

The metals have been arranged in six groups or sections, differing 
in their degrees of oxidability: 1. Metals which decompose w'ater 
even at 32°, with lively effervescence—namely, potassium, sodium, 
lithium, barium, strontium, calcium. 2. Metals which do not de¬ 
compose water af- 32°, like the metals of the preceding class; they 
do not decompose it with a lively effervescence, except at a temperature 
approaching 212°, or even higher, but always much below a red heat. 
In this class arc found magnesium, glucinum, aluminum, zirconium, 
thorium, yttrium, cerium, and manganese. 3 Metals which do not 

2 L 
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decompose water except at a red heat, or at the ordinary temperature 
with the presence of strong acids. This section comprehends iron, 
nickel, cobalt, zinc, cadmium, tin, chromium, and probably vanadium. 
Iron is rapidly corroded in water containing carbonic acid, with the 
evolution of hydrogen. 4. Metals which decompose the vapour of 
water at a red heat with considerable energy, but wliich do not de¬ 
compose water in presence of the strong acids. They are tungsten, 
molybdenum, osmium, tantalum, titanium, antimony, and uranium. 
These metals appear to be incapable of decomposing water in contact 
with acids, because their oxides have but a small basic power, being, 
indeed, bodies which are ranked among the acids. 5. Metals of 
which the oxides are not decomposed by heat alone, and which de¬ 
compose water only in a feeble manner and at a very high temperature. 
They are also distinguished from the preceding class by their tendency 
to form basic and not acid oxides. These metals are copper, lead, 
and bismuth. 6. Metals of which the oxides are reducible by heat 
alone at a temperature more or less elevated : these metals do not 
decompose water in any circumstances. They are mercury, silver, 
palladium, platinum, gold, and probably rhodium and iridium.* It 
is to be remarked of nearly all the metals w hich decompose the vapour 
of water, and consequently separate hydrogen from oxygen at a certain 
temperature, that their oxides are reduced, notwithstanding, with great 
facility by hydrogen gas, and within the same limits of temperature. 
This anomalous result has already been adverted to in regard to iron 
(p. 225). 

Of the non-metallic elements, hydrogen only forms on oxide 
capable of uniting as a base with acids. It is a general character of 
the metals, on the contrary, to form such oxides, if tellurium be 
excepted, which is more analogous in its chemical properties to sul¬ 
phur than to the metals. Hence, as the former class arc priricipially 
salt-radicals, the latter arc principally basyls. 

The protoxides of metals are uniformly and strongly basic, but 
this feature becomes less distinct in their superior oxides, and passes 
into the acid character in the high degrees of oxidation of which 
some metals are susceptible. Thus, of manganese, the protoxide is 
a strong base; the sesquioxide basic, but in a less degree than the 
protoxide; the binoxide indifferent; and the still higher oxides are 
the manganic and permanganic acids, which arc respectively iso- 

* Kegnaith, Aniialos dc Chirn. ct de Phys. Ixii. 3G8. 
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morphous with sulphuric and perchloric acids, A few metals which 
have no protoxides, such as arsenic and antimony, are most 
remarkable for the acids they form with oxygen, and thus more 
resemble in their chemical history the elements of the non-metidlic 
class. It is, indeed, impossible to draw an exact line of demarcation 
between the two classes of elements, cither with reference to their 
physical or chemical properties. 

Besides combining with oxygen, metals combine with sulphur, 
chlorine, and with other salt-radicals, whether simple or compound ; 
and hence sulphides, chlorides, and numerous other series of metallic 
compounds. Of these series the sulphides most resemble the cor¬ 
responding oxides of the same metals; the chlorides and other series 
partake more strongly of the saline character. Each metal, or class 
of metals, affects combination with oxygen in certain proportions, 
and combines also with sulpliur, chlorine, &c. in the same propor¬ 
tions. Hence, given the fonnulm of the oxides of a metal, the for¬ 
mula of its sulphides, chlorides, &c. may generally be predicated, as 
they correspond with the former. Thus the oxides of iron being 
EcO and Ec^O.,, the sulphides are EcS and Ee 2 S 3 ^ and the cldorides 
EeCl and EcgClg; the oxides of arsenic, or arsenious and arsenic 
acids, being AsOg and AsOg, the sulphides of that metal are AsSj 
and AsSg, and the chlorides AsCl, and AsClg. But sometimes 
a metal unites with sulphur in more ratios than with oxygen; both 
iron and arsenic, for example, possessing each a sulphide to which 
they have no corresponding oxide, namely, iron pyrites and realgar, 
of which the formula; arc EcSa and AsS 2 . The potassium family of 
metals combine also with three and five ecpiivalents of sulphur, 
without all uniting with oxygen in such high proportions. Again, 
certain metals of the magnesian and its allied families, such as man¬ 
ganese and chromium, form acid compounds with oxygen, to \vhich 
no corres})onding sulphides exist, sucli as manganic and chromic 
acids, MnO.^ and CrO.j. But the circumstance that these acids are 
isomorphous with sulphuric acid, and the metals they contain iso- 
morphous with sulphur, appears to be a sufficient reason why there 
should not be similar sulphur acids. The chlorides of a metal 
generally correspond in number, as they always do in composition, 
with the oxides; in some cases they arc less numerous, but never, I 
believe, more numerous than the oxides of the same metal. 

Combination takes ])lace within a scries; that is, oxides combine 
wdth oxides, sulphides ivith sulphides. Those members of the same 
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series which differ greatly in chemical characters being most disposed 
to combine together,—as oxygen acids with oxygen bases, sulphur 
acids with sulphur bases. Clilorides also combine with chlorides, 
to form double clilorides, and iodides with iodides. 

Compounds belonging to different series, on the contrary, do not 
in general combine together, but often mutually decompose each 
other when brought into contact. Thus hydrochloric acid and 
potash do not unite, one belonging to the chlorine and the other to 
the oxygen series, but form water and chloride of potassium, by 
mutual decomposition, as explained in the following diagram :— 


Before decomposition- After decomposition. 



In the same manner, sesqui-oxide of iron, when dissolved in hydro¬ 
chloric acid, produces water and a pcrchloridc of iron corresponding 
with the peroxide:— 

3IIC1 and FegOa = 3110 and FcaClg. 

And in all cases when a metallic oxide dissolves in hydrochloric 
acid, without evolution of chlorine, (he chloride produced necessarily 
corresponds with the oxide dissolved. Again, orpiment, or sulph- 
arsenious acid, does not combiiu* \vi(h pota-sh, wlien dissolved in that 
alkaline oxide, the first being a sulphur and the second an oxygen 
compound, but gives rise to the formation of certain proportions of 
arsenious acid and sulphide of potassium :— 

Before decomposition. ^ After decomposition. 

Sulpharsenious r Arsenic --^Arsenious acid. 

acid (. 3 Sulphur . 

3 Potash , . 

(.3 Fotassium_ X, . 3 Sulphide of potassium. 

Two pairs of compounds of different series, then, co-exist in the 
liquid,—an oxygen acid, arsenious acid, which unites with the oxygen 
base, potash, and a sulphur base, -sulphide of potassium, which unites 
with undecoraposed sulpharsenious acid. Hence the result of di.s- 
solving orpiment in potash is the decomposition of both com])ounds 
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and formation of two salts of different series, arsenite of potash and 
sulpharsenite of sulphide of potassium. 

The /Union of metallic compounds of the oxygen and sulphur 
scries/fs a rare occurrence. But the red ore of antimony is such a 
comhination, and oxisulphides of mercury also exist. Compounds of 
metallic oxides with metallic chlorides, and with other highly saline 
binary compounds, are more frequent; but they are not to be placed 
in the same category with the compounds of individuals both belonging 
to the same series, which last are neutral salts. For a metallic oxi- 
chloride may generally, if not always, be viewed as a chloride to 
which a certain proportion of metallic oxide is attached, like constitu¬ 
tional water in a hydrated salt. That metallic oxide is likewise 
always of the magnesian class, or of a class allied to it. Oxichlorides 
ai’c then to be associated with those salts of oxygen-acids usually de¬ 
nominated subsalts (page 194); the oxichlorides of lead and of 
copper,— 

PbCl + 3PbO and CuCl + CuO, 

with the subacetates and subsuljdiates of the same metals. 

Arrangement of metallic elements .—A distribution of the metals 
into three classes is generally made, composed respectively of the me¬ 
tals of the alkalies and alkaline earths, the metals of the earths, and 
the metals proper. The latter class again is subdivided, according 
to the affinity of the metals contained in it for oxygen, into two 
groups—the noble and common metals j the oxides of the former, such 
ns gold, silver, &c., abandoning their oxygen at a high temperature, 
while the oxides of the latter, lead, coi^per, &c., are undecomposable 
by heat alone. In treating of the metals, I sludl introduce them in 
the order which ap])cars to facilitate most the study of their combina¬ 
tions, wdth a general reference to this classification. For subdivisions, 
I shall avail myself of the natural families into which the elements 
have been arranged (page 168), wdiich have the advantage of bringing 
together those mefals of which the compounds are most frequently 
isomorphous. The difTcrent metals will therefore be grouped under 
the following orders :— 

I. Metallic bases of the alkalies—three metals:— 

Oxides. 

Potassium .... Potash. 

Sodium .... Soda. 

Lithium .... Lithia. 



518 


UBTALLIC £LEMEI«TS. 


II. Metallic bases of the alkaline earths—four metals:— 

Oxides. 

Barium .... Baryta. 

Strontium .... Strontia. 

Calcium .... Lime. 

Magnesium .... Magnesia- 


Ill. Metallic bases of the earths proper—seven metals :— 


Aluminum 

Glucinmn 

Zirconium 

Yttrium 

Terbium 

Erbium 

Tlioriiim 


Oxides. 

Alumina. 

Glucina. 

Zircoiiia. 

Yttria, 

Terbia. 

Erbia. 

Thorina. 


rV. Metals proper, of which the protoxides are isomor|)hous with 
magnesia—eight metals :— 

Manganese. Zinc. 

Iron. Cadmium. 

Cobalt. Copper. 

Nickel. Lead. 


V. Otlier metals proper having isomorj)hous relations with the 
magnesian family—seven metals : — 

Tin. Tungsten. 

Titanium. Molybdenum. 

Chromium. Tellurium. 

Vanadium. 


VI. Metals isomorphous with phosphorus—three metals : — 

Arsenic. Bismuth. 

Antimony. 

VII, Metals proper, not included in the foregoing classes, of 
which the oxides are not reduced by heat alone—eight metals :— 
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Uranium. 

Cerium. 

Lantanum. 

Didymiuin. 


Titanium. 

Tantalum or Columbium. 
Pelopium. 

Niobum. 


VIll. Metals proper, of which the oxides are reduced to the me¬ 
tallic state by heat (noble metals)—three metals:— 


Mercury. 

Silver. 


Gold. 


TX. Metals found in native platinum (noble metals)—six metals:— 


Platinum. 

Palladium. 

[ridiura. 


Osmium. 

Rhodium. 

Ruthenium. 


ORDER I. 


METALLIC BASES OF THE ALKALIES. 

SECTION I. 


rOTASSlUM. 

Sy/i. Kalium. Eq. 39 or 487.5; K. 

Tlic alkidies and earths have long been named and distinguislicd 
from each other, but they were not known to be the oxides of pecu¬ 
liar metals till a recent period. The terms applied to the new 
metallic bases are formed from the names of their oxides, as potassium 
from potash, and calcium from calx, a name sometimes given to lime; 
while the original names of the oxides arc still retained, as those of 
ordinary objects, and not superseded by appellations indicating their 
relation to the metals, such as oxide of potassium for potash, or oxide 
of calcium for lime. 

Prejmration .—In 1807, Sir H. Davy made the memorable dis¬ 
covery that potash is resolved by a powerful voltaic battery into 
})otassium and oxygen, lie placed a moistened fragment of hydrate 
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of potash on mercury, introducing the terminal wire from the zinc 
extremity of an active battery (the chloroid) into the fluid metal, 
and touching the potash with the other tenninal wire (the zincoid); 
bubbles of oxygen gas appeared at the latter wire, and potassium was 
liberated at the former, and dissolving in the mercury, was protected 
from oxidation by the air. To efiect this decomposition, Davy 
employed a battery of 200 pairs of four-inch plates; but an amalgam 
of potassium may be as readily obtained by a more simple voltaic 
apparatus, in the manner described at page 289. These processes, 
however, afford potassium only in minute quantity. Soon after the 
existence of this metal was known, Gay-Lussac and Thenard dis¬ 
covered tliat potash is decomposed by iron at a white heat, and they 
contrived a process by which a more abundant supply of the metal 
was obtained. It was afterwards noticed by Curaudau, that potash, 
like the oxides of common metals, is decomposed by charcoal as well 
by iron, which is the basis of the process for potassium now always 
followed. 

This interesting process is described by Mitscherlich, as it is suc¬ 
cessfully pursued in Germany. Whenever charcoal is used to deprive 
a metallic oxide of its oxygen, the former must be in a state of 
minute division, and be intimately mixed with the latter. Carbonate 
of potash requires this precaution the more, that it fuses at a red 
heat, and is thus apt to separate from the charcoal, and sink below 
it. It is found that the best means to obtain a proper mixture of 
these substances is to calcine a salt of potash containing a vegetable 
acid, which leaves a large quantity of charcoal when decomposed. 
Crude tartar (bitartrate of potash) is preferred, and for one operation 
six pounds of that salt are ignited in a large crucible or m(dting-})ot 
provided with a lid, so long as combustible gases are disengaged. 
The crucible is then withdrawn from the fire, and is found to contain 
a black mass, which is the mixture of charcoal and carbonate of 
potash, known as black flux. It is reduced to powder, while still 
warm, and immediately mixed with about ten ounces of wood- 
charcoal in small pieces, or in a coarse powder, from which the 
dust has been separated by a sieve. The use of this additional 
charcoal is to act as a sponge, and absorb the potash wlien liquefied 
by heat. The mixture is introduced into a bottle of wrought iron, 
and a mercury bottle (page 293) answers well for the purpose, but 
must be heated to redness before Jiand, to ex^icl a little mercury 
that remains in it. The mouth of the bottle is enlarged a little by 
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means of a round file, and a straight iron tube of 4 or 5 inches in 
length fitted into the opening, bj grindiTig. The bottle and tube 
thus form a retort, which is supported liorizontally in a brick 
furjiace, as represented (fig. 152) in which a is the iron bottle resting 

Fig. 152. 



upon two bars of iron o o, to wliicli it may also be firmly bound by 
iron wire. These bars cross the furnace at a height of 5 or 6 inches 
above the grate-bars. A mixture of equal parts of coal and coke 
makes an excellent fuel for this furnace. The tube b of the bottle 
projects through an aperture in the sidc-Avall of the furnace, and 
enters a receiver of a pccuhar construction required to condense the 
potassium, W'^hich distils over. This receiver is composed of two 
separate copper cylinders or oval boxes, hard soldered, similar in 
form and size, w'hich are represented in section (fig. 158), the 

one, h n d, being introduced within the other, 
if h k, and thus forming together a vessel of 
wliich h n d is the cover. It will also be ob- 
^ served that h d divided into two cells by a 
diaphragm, /, of the same length as the cylinder, 
and descending with it to within two inches of 
the bottom, hy of // h k. A ribbon of copper, ffy 
is soldered around h n d, so as to form a ledge, 
which is seen in both figures, and serves as a support for a cage of 
iron-wire, c dy placed over the receiver duihig the distillation, to hold 
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ice, and also to shed the water from the liquefaction of that ice, 
which falls into a tray, /?, below, and flows off by the tube, 1. The 
cover has also two short copper tubes, d and h, of which the copper 
of h is notched so as to clasp firmly by its elasticity the tube h from 
the iron bottle, which is fitted into it. The other tube, dy wliich is 
exactly opposite to h, is fitted with a cork, and the diapliragm, /, has 
a small hole in it to allow of a rod being passed tlirough h and d. 
In the same part of the apparatus is a third opening, to wliich a 
glass tube, a?, is fitted by a cork, for the escape of uncondensible 
gases. The receiver is filled to about one-third with rectified 
petroleum, a liquid containing no oxygen, so as to come nearly to, 
but not to cover, the bottom of the paiiition, i. The length of the 
bottle is 11 inches, its width 4, and the other parts of the apparatus 
are designed upon the same scale. 

Potassium and carbonic oxide gas are the principal ]jroducts 
of the decomposition of the carbonate of potash, but other sub¬ 
stances besides these are found in the receiver; namely, a black 
mass very rich in potassium, some oxalate and croconate of potash 
and free potash, with a portion of charcoal powder carried over 
mechanically. Part of these products appears to be formed, after the 
reduction of the potassium, by the mutual reaction of that metal, 
carbonic oxide and petroleum. The process is found to succeed 
best when the iron tube, h, is so short that it can be maintained at a 
red heat through its whole length during the operation, while the 
receiver is kept at a very low temperature; the potassium tiien falls 
from the tube, drop by drop, into the receiver, and does not remain 
long in contact with carbonic oxide, which is known to combine 
readily with that metal. One or two other points should always be 
attended to. The connexion between the tube h and the receiver 
is not made till the iron bottle has been heated to redness, to allow 
of tlie escape of a little water, and of a trace of mercury, which had 
remained in the bottle in the state of vapour, and which come off 
first. The joining of the tube h is not air-tight at first, and allows a 
little potassium vapour to escape, but this burns and forms potash, 
wliich immediately closes the openings. This tube being always in-’ 
candescent and the refrigeration properly made, the reduction some¬ 
times proceeds without interruption. But the tube is sometimes 
obstructed, as appears by the gases ceasing to escape by x. Haste 
must then be made to open the tube 5, and to clear it by means of a 
flattened iron rod, /, slightly hooked at its anterior extremity. Care 
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has been taken to mark on this rod, with the scratch of a file, how 
far it has to penetrate into the apparatus to reach the mouth of the 
bottle, and it must not be introduced farther. The current of air 
through the furnace is regulated by a register valve in the chimney, 
and the fire stirred frequently so as to prevent the formation of 
cavities j the operator being guided in the management of the fire 
by the rapidity of the current of gas which escapes by the tube x. 
To terminate the operation, the grate bars may be thrown down, by 
which the fuel will fall into the ash-pit. The quantity of crude 
tertar mentioned yields about 4 ounces of potassium, wliich is about 
4 per cent, of its weight. The potassium thus obtained, containing 
a little carbon chemically combined with it, is submitted, together 
with the black mass found in the receiver, to a second distillation, 
i’or tliis purpose a smaller iron bottle with a bent tube may be em¬ 
ployed, tlic end of which is covered by rectified petroleum in a 
capacious flask, used as a receiver.* 

-Potassium is solid at the usual temperature, but so 
soft as to yield like wax to the pressure of the fingers. A fresh 
surface has a white colour, with a shade of blue, like steel, but is 
aljnost instantly covered by a dull film of oxide when exposed to air. 
The metal is brittle at 32°, and has been observed crystallized in 
cubes: it is semi-fluid at 70°, and becomes completely liquid at 
150°. It may be distilled at a low red heat, and forms a vapour of 
a green colour. Potassium is considerably lighter than water, its 
density being 0.865 at 60°. 

Potassium oxidates gradually without combustion when exposed 
to air; but heated till it begins to vaporize, it takes fire and burns 
with a violet flame. The avidity of this metal for oxygen is strik¬ 
ingly exhibited when a fragment of it is thrown upon water. It 
instantly decomposes the water, and so much heat is evolved as to 
kindle the potassium, which moves about upon the surface of the 
water, burning with a strong flame, of w'hich the vivacity is increased 
by the combustion of the hydrogen gas disengaged at the same time. 
A globule of fused potash remains, wliich continues to swim about 
upon the surface of the water for a few seconds, but finally produces 
an explosive burst of steam, when its temperature falls to a certain 
point, illustrating the phenomenon of a drop of water on a hot me¬ 
tallic plate (page 49.) 


* Mitscherlich, Blmens dc Chimie, iii. 8. 
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Potassium appears to have the greatest allinity of all bodies for 
oxygen at temperatures which are not exceedingly elevated. It de¬ 
composes nitrous and nitric oxides, and also carbonic oxide gas at a 
red heat, although potash is reduced to the metallic state by charcoal 
at a white heat. It has already been stated that the oxides and 
fluorides of boron and silicon are decomposed by })t)tassium, and 
besides these elements, several of the metallic bases of the earths are 
obtained by means of this metal. It is, indeed, a reducing agent 
of the greatest value. 


COMPOUNDS OF POTASSIUM. 

Potaxhy or pofaftna ; KO ; 500 47.2G.—Potassium exposed 

in thin slices to dry air bc('om(‘s a while rnattiT, which is the 
jwotoxidc of potassium or ])otash. This coinpound is fusible at 
a red heat, and ri,ses in vapour at a strong white lieat. It unites 
with water, with ignition, and forms a fusible hydrate, which is the 
ordinary condition of caustic potash. 

The hydrfitc of potash is obtained in quantity from the carbonate 
of j)otash. Equal weights of that sail and of quichlimo arc taken, 
the latter of which is slaked with water, and falls into a powder con¬ 
sisting of hydrate of lime; tlie former is dissolved in from 6 to 10 
times its weight of water, and botli boih'd togetluu* for half an hour in a 
clean iron j)an. The lime abstracts carbonic acid from the potash, and 
becomes carbonate of lime; a reaction wliich may be illustrated by 
adding lime-water to a solution of carbonate of potash, when a pre¬ 
cipitate of carbonate of lime falls. When tlui potash has been 
deprived entirely of carbonic acid, a little of the clear litpn'd takcai 
from the pan will be found not to cH'crvcscc iq)on the addition of 
an acid to it. It is remarkable that the decomposition is never 
complete if the carbonate of potash be dissolved in less than the pre¬ 
scribed quantity of water. Liebig has observed that a concentrated 
solution of potash decomposes carbonate of lime, and consequently 
hydrate of lime could not, in the same circumstances, decompose carbo¬ 
nate of potash. The pan, being covered by a lid, may be allowed to 
cool; when the insoluble carbonate of lime and the excess of hydrate 
of lime subside, a considerable ({uantity of the clear solution of 
potash may be drawn olf by a syphon, and the remainder may be 
obtained clear by iiliratiou. In the latter of)eration a large; gla.s.s 
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funnel may be employed, to support a filter of washed cotton calico, 
into which what remains in the pan is transferred. A small portion 
of liquid, which passes through turbid at first, should be returned to 
the filter. As the solution of potash absorbs carbonic acid, it is 
proper to conduct its filtration with as little exposure to air as pos¬ 
sible; on which account the mouth of the funnel should be 
covered by a plate, and the liquid which flow's from it be immediately 
received in a bottle, in the mouth of which the funnel may be sup¬ 
ported, The bottle in which potash is preserved should not be of 
crystal, or of a material containing lead, as the alkali corrodes such 
glass, particularly wlicn its natural surface has been cut. 

To obtain the solid hydrate of potash, the preceding solution is 
rapidly evaporated in a clean iron pan or silver basin, till an oily 
liquid remains at a high temperature, which contains no more than a 
single equivalent of water. This liquid is poured into cylindrical 
iron moulds to obtain it in the form of sticks, which ere used by 
surgeons as a cautery, and are the jtotassa or 2 ><^fn-ssa fta^a of the 
Pharmacopoeia; a form in whicli it is fdso convenient to have potash 
for some chemical pur])oses. The sticks generally contain a portion 
of carbonate of potash, besides a little oxide of iron and peroxide of 
potassium, the last of W'hich gives occasion to the evolution of a 
little oxygen gas wdien the sticks are dissolved in water. To obtain 
hydrate of potash free from carbonate, the sticks are dissolved in 
alcohol, ill w Inch the foreign impurities are insoluble, and the alco¬ 
holic solution is evaporated to dryness. 

The pure and fused hydrate of potash is a solid white mass of a 
structure somewhat crystalline, of sp. gr. 1.706, fusible at a lieat 
UTider redness. It is a protohydrate, and cannot be deprived of its 
combined water by tin; most iuloiisc heat. It destroys animal tex¬ 
tures. It raj)id]y deliijuesces in dainj) air, from the absorption of 
moisture; is soluble in half its weight of water, and also in alcohol. 
Mixed in powder with a small (piantity of water, it fonns a second 
crystalline combination, which is a tcrliydratc; and its solution in 
water affords, at a very low temperature, crystals in the forms of 
four-sided tables and octoliedrons, wliich are a pentahydrate, 
KO.HO-1-4HO. 

The solution of potash, or potash ley, has a sliglit but peculiar 
odour, characteristic of caustic alkalies, which they acquire from their 
action upon organic matter, derived from the atmosphere or other 
sources. The skin and other animal substances arc dissolved by 
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this liquid. It is highly caustic, and its taste intensely acrid. It 
has those properties which are termed alkaline, in an eminent degree. 
It neutralizes the most powerful acids, restores the blue colour of 
reddened litmus, changes the blue infusion of cabbage into green, 
but in a short time altogether destroys these vegetable colours. It 
acts upon fixed oils, and converts them into soaps, which are soluble 
in water. It absorbs carbonic acid with great avidity from the air, 
on which account it should be preserved in well-stopped bottles. 

The presence of free potash or soda, in solutions of their carbo¬ 
nates, may be discovered by nitrate of silver, the oxide of which is pre¬ 
cipitated of a brown colour by the caustic alkali, while the white car¬ 
bonate of silver only is precipitated by the pure carbonated alkali. 
Potash, whether free or in combination with an acid as a soluble salt, 
may be discovered and distinguished from soda and other substances, 
by means of certain acids, &c., which form sparingly soluble com¬ 
pounds until that alkali. A strong solution of tartaric acid produces 
a precipitate of bitartratc of potash, in a liquid containing 1 per 
cent, of any ])otash salt. The precipitate is crystalline, and docs not 
appear immediately, but is thrown down on stirring the liquid 
strongly, and soonest upon the lines which have been described on 
the glass by the stirrer. A similar precipitation is occasioned in salts 
of potash by percldoric acid. Also by bichloride of platinum, which 
forms the double chloride of platinum and potassium, in granular 
octohedrons of a pale yellow colour. In the separation of potash 
for its (juaiititative estimation, the last reagent is preferred, and is 
added in excess to the potash solution, together with a few drops of 
hydrochloric acid, which is then evaporated by a steam heat to dry¬ 
ness. The dry residue is washed with alcohol, which dissolves up 
everything except the double chloride of platinum and potassium. 
Ammonia, also, is thrown dowm by bichloride of platinum ; but w hen 
the chloride of platinum and ammonium is heated to redness, nothing 
is left except spongy platinum, while the chloride of platinum and 
potassium leaves all its potassium in the state of chloride mixed with 
the jilatinum. Potash is likewise separated from acids by means of 
fluosilicic acid, which throws down a light gelatinous precipitate, 
the double fluoride of .silicon and potassium. Carbazotic acid also 
produces a yellow crystalline precipitate in solution of potash. 

Salts of potash, more particularly the chloride, nitrate, and car¬ 
bonate, communicate to flame a pale violet tint. 

Potash is the base which in general exhibits the highest affinity 
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for acids; it precipitates lime and the insoluble metallic oxides from 
their solutions in acids. This alkali is employed indifferently with 
soda for a variety of useful purposes. The principal combinations 
of potash with acids will be described after the binary compounds of 
potassium. 

Peroxide of potassium, KO 3 .—Heated strongly in air or oxy¬ 
gen, potassium combines with three equivalents of oxygen. The 
ultimate residue on calcining nitrate of potash at a red heat has been 
said to be the same compound, but Mitscherlich finds that residue to 
be potash. The peroxide of potassium is decomposed by water, 
being converted into hydrate of 2 )otash, with evolution of oxygen 
gas. 

When potassium is burned with an imperfect supply of air, a grey 
matter is formed, which Berzelius believed to be a suboxide of potas¬ 
sium. It is not more stable than the peroxide. 

Sulphides of potassium .—Sulphur and potassium, wdien heated 
together, unite with incandescence, and in several projjortioiis, two 
of which correspond resj)ectively with the protoxide and peroxide of 
potassium. The protusidphide may be obtained by transmitting 
hydrogen gas over sulphate of j)otash, heated in a bulb of hard glass 
to full redness, when the whole oxygen of the salt is carried off as 
water, and the sulphur remains in combination with potassium, 
forming a fusible compound of a light brown colour. Sulphate of 
potash calcined with one-fourth of its weight of pounded charcoal 
or pit-coal, in a covered Cornish crucible, at a bright red heat, is con¬ 
verted into a black crystalline mass, wdiich is also protosulphide of 
potassium, with generally a small quantity of a higher sulphide, 
arising from the combination of tlio silica of the crucible with potash 
of the sulphate. If lam])-black be used instead of charcoal, the 
sulphide of potassium formed having a great affinity for oxygen, and 
being in a highly divided state, takes fire when exposed to the air, 
and forms a pyrophorus. The solution of tlie protosulphide in water 
is highly caustic ; it is decomposed by acids w'ith effervescence, from 
the escape of hydrosulj)lmric acid, but without any deposit of sulphur. 
Being a sulphur base, it combines Avithout decomposition w ith sulphur 
acids. 

This suljdiide unites directly with hydrosulphuric acid, forming 
KS.TIS; and the compound may be otherwise formed, namely, by 
transmitting a stream of hydrosulphuric acid tlirough caustic potasli, 
so long as the gas is absorbed. It is often named the hihydro- 
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sulphate of potash. It is analogous in composition to hydrate of 
potash (KO.HO) in the oxygen scries. 

The trisulphide is formed when anhydrous carbonate of potash, 
mixed with half its weight of sulphur, is maintained at a low red heat 
so long as carbonic acid gas comes off. Of four proportions of 
potash, three become sulphide of potassium, while sulphuric acid is 
formed, which neutralizes the fourth proportion of potash : 4KO and 
10S = 3 KS 3 and KO.SO 3 . With carbonate of potash and sulphur, 
in equal weights, a similar action occurs, at a temperature above the 
fusing point of sulphur, but five, instead of three, proportions of 
sulphur then unite with one of potassium, and a pctitasulphide is 
formed. With a larger proportion of carbonate of potash the same 
sulphide is also produced, provided the tempcratiu*e docs not 
much exceed the boiling point of sulphur, and the excess of car¬ 
bonate fuses along with it, without undergoing decomposition. A 
sulphide obtained by fusing sidphur and carbonate of potash together 
has a liver-brown colour, and hence its old [)harmaceutic name hepar 
sulphuris. The three sulphides described are dcli(picsceiit, and are 
all soluble in water, theliighcr sulphides giving red solutions. They 
may, indeed, be prepared by heating sulphur, in proper proportions, 
with caustic potash. A simultaneous formation of hyposuljilmrous 
acid then occurs, as already explained (page 41.5). The preparation, 
precipitated sulphur, is obtained by adding an excess of hydro¬ 
chloric acid to these solutions, when much sulphur is thrown down, 
although the potassium be only in the state of protosulphide, for the 
hydrosulphuric acid, arising from the action of the acid on that sul¬ 
phide, meets sulphurous evolved at the same time from the decomposi¬ 
tion of hyposulphurous acid, with the formation of water and sidphur. 
The excess of sulphur in the alkaline sulphide also precij)itates at 
the same time. The peculiar whiteness of j)recipitated sulphur is 
owing, according to Rose, to its containing a little bisulphide of 
hydrogen. 

Chloride of potassium; eq. 74.5 or 931.2.5, KCl.—Rornied by 
the combustion of potassium in chlorine, or by neutralizing hydro¬ 
chloric acid by potash or its carbonate. It is also deriv(xl in con¬ 
siderable quantity from kelp (page 492). It crystallizes in cubes 
and rectangular prisms, resembles common salt in taste, is considera¬ 
bly more soluble in hot than in cold water. According to the 
observations of Gay-Lussac, 100 parts of water dissolve of this salt 
29.21 parts at 0°C.; 34.53 parts at 19°35 ; 43.59 parts at 52°39 ; 
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50.93 parts at 79°58, and 59.26 parts at 109.6 C. When pul¬ 
verised and dissolved in four times its weight of cold water, it pro¬ 
duces a depression of temperature of 20 |^ degrees; while chloride 
of sodium, dissolved in the same manner, lowers the temperature only 
3.1- degrees. Upon the difference between two salts in this property, 
M. Gay-Lussac founded a method of estimating their proportions in 
a mixture. Chloride of potassium is principally consumed in the 
manufacture of alum. Hose observed that cldoride of potassium 
unites with anhydrous sulphuric acid, KCI + 2 SO 3 . The same salt 
unites with tercldoride of iodine, KCI.ICI 3 . 

Iodide of potassium; eq. 165.36 or 2067 j KI.—This salt is 
obtained by dissolving ipdine in solution of potash till neutral, eva¬ 
porating to dryness, and hmting to redness, to decompose the portion 
of iodate of potash formed. M. Ureundt recommends to add a 
little charcoal to the mixed iodide and iodate. Iodide of potassium 
is more soluble in water than the chloride, and may be obtained in 
cubes or rectangular prisms, which are generally white and opaque, 
and have an alkaline reaction from the presence of a trace of carbo¬ 
nate of potash. Iodide of ])otassinm is also dissolved by alcohol, but 
in a much less pro})ortion than by water. The dry salt does not 
cond)inc with more iodine, but in conjunction with a small quantity 
of water, (I believe 4 equivalents) it absorbs the vapour of iodine 
with great avidity, and runs into a liquid of a deep red, almost black, 
colour. According to Baup, a saturated solution of iodide of potassium 
may dissolve so much as two equivalents of iodine, but allows one equi¬ 
valent to precipitate when diluted. Iodide of potassium, which is often 
called the hydriodatr of potash, is much used in medicine \ it is not 
poisonous even in doses of several drachms. Its solution is also em¬ 
ployed as a vehicle for io'dine itself, 20 grains of iodine and 30 grains 
of iodide of ])otussinm being usually dissolved togntln'r in I ounce of 
Avater. The bromide of potassium is capable also of dissolving bro¬ 
mine, but the solution of chloride of potassium has no atHnity for 
chlorine. 


Verrtwynuide of potassium. Yellow prussiafe of potash; 
K2.IV'Cv;j 4-31IO j cy. 1S4-I-27 2300-}-337.5.—This important 
salt is forimal when earhonatc of potash is fused at a rod heat in an 
iron ])ot, Avith animal mat ter, such as dried blood, hoofs, clippings 
of hides, &c., and is the product of a reaction to be hereafter 
described. This salt occurs in a state of gi'cat jiurity in com¬ 
merce. It is of a lemon yellow colour, and crystalli/ed in large qua- 

2 M 
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drangular tables, with truncated angles and edges, belonging to the 
square prismatic system. The crystals contain 3 equivalents of water, 
which they lose at 212 °, are soluble in 4> parts of cold and 2 parts of 
boiling water, and arc insoluble in alcohol. The taste of this salt is 
saline, and it is not poisonous. By a rod heat it is converted, with 
escape of nitrogen gas, into carburet of iron and cyanide of potassium; 
but with exjiosure to air the latter salt absorbs oxygen, and becomes 
cyanatc of potash. Tliis salt is rt'presented by Liebig as containing a 
salt-radical, FerrocyatHygen, composed of 1 eq. of iron and 3 cq. of 
cyanogen, or FcOva. This salt-radical is bibasic, and is in combina¬ 
tion with 2 eq. potassium in the salt, as will.be seen by reference to 
its formula. The same salt has been represented by myself as a com¬ 
pound of a tribasic salt-radical jirttssiftc (3Cy), with Fe 4 - 2 K. But 
its reactions with other salts arc most easily stated on the former view 
of its constitution. The iron in this salt is not precipitated by alka¬ 
lies. When fcrrocyanide of jmtassium is added to salts of lead and 
various other metallic solutions, it jnoduces ])recipitates, in which two 
equivalents of tlie lead or other metal arc substituted, in combination 
with ferroc 3 'anogen, for the two etiuivulents of ])otassium. Li salts of 
sf'squioxide, of iron, fcrrocyanide of potassium produces the well-know'u 
precipitate, prussian blue. 

FcrricffaytiJe of /yotansium, Jicdpriisnidte of pofafth; 3Jv.Fe2Cyp ; 
eq, 329 or 4112.5.—This salt, which, like the last, is a valiiabl(! re¬ 
agent, is formed by transmitting chlorine gas through a solution of the 
fcrrocyanide of potassium, till it ceases to give a precipitate of Prus¬ 
sian blue with a persalt of iron, and no longer. One-fourth of the 
potassium of the fcrrocyanide is converted into chloride, from wdiich 
the resulting ferricyanide may he separated by crystalli/ation. It 
forTns right rhombic prisms, which are t ransparent ami of a fine rod 
colour. The crj-stals are aidiydrous, soluble in 3.8 parts of cold, and 
in less hot water. They burn w ith brilliant scintillations wlien held 
in the flame of a candle. Tlie solution of this salt is a delicate test 
of iron in the state of protoxide, throw'ing down from its salts a va¬ 
riety of Prussian blue, in wdiich the 3K of the formula are replaced 
by 3Fe. Liebig views the red prussiate of potash as containing 
a salt-radical, Ferricyanogan j or forrideyanogen, Fc 2 Cyp„ diflering 
from ferrocyanogen in having twice its atomic wciight and in being 
tribasic. 

Cyanide of potanHinm ; eq. 65 nr 812.5 j KCy.—The preparation 
of this salt is attended wdth difficulty, owing to the action of the car- 
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bonic acid of the air upon its solution, which evolves hydrocyanic 
acid, and the tendency of the solution itself to undergo spontaneous 
decomposition, even in close vessels. It may be formed by adding 
absolute hydrocyanic acid, or a strong solution of that acid, to a solu¬ 
tion of potash in alcohol; a portion of the cyanide falls down as 
a white crystalline precipitate, which should be washed with alcohol 
and dried, and an additional quantity is obtained by evaporating the 
liquid in a retort. But it is prepared with more advantage from the 
ferrocyanide of potassium, already described. That salt is carefully 
dried and reduced to a fine powder, 8 parts of which are mixed with 
3 parts of carbonate of potash and 1 part of charcoal, and exposed to 
a strong red heat in a closed iron crucible, or other convenient vessel. 
The mass is reduced to powder, placed in a funnel, moistened with a 
little alcohol, and then washed with cold water. The strong solution 
of cyanide of potassium which comes through is colourless, and must 
be rapidly evaporated to dryness in a porcelain basin, and fused at a 
red heat. The crude salt, obtained by ignition without charcoal, con¬ 
tains a little cyanate of potash, but this docs not interfere with its use 
for forming and dissolving cyanides of gold and silver, for the pro¬ 
cesses of voltaic gilding and plating. 

Cyanide of potassium crystallizes in colourless cubes, which become 
opaque and deliquesce in damp air, and are very soluble in w'ater. It 
bears a red heat without decomposition in close vessels, but with 
exposure to air absorbs oxygen, and becomes cyanate of potash 
(KO.CyO). Its solution smells of hydrocyanic acid, being decom¬ 
posed by carbonic acid. The action of cyanide of potassium upon the 
animal economy is equally powerful with that of hydrocyanic acid, 
and as the dry salt may be preserved in a well-stopped bottle witliout 
change, it is preferable to the acid, which is far from stable. Bed 
oxide of mercury dissolves freely in the solution of cyanide of potas. 
sium, cyanide of mercury being formed and potash set free. The 
purity of the alkaline cyanide may be ascertained from this property; 
12 grains of the pure cyanide dissolving 20 grains of finely-pulverised 
oxide of mercury. 

Hydrocyanic acid for medical purposes is conveniently prepared 
from this cyanide. 24 grains of cyanide of potassium, 56 grains 
of tartaric acid in crystals, and 1 ounce of water, arc agitated together 
in a stout phial closed by a cork. The liquid is afterwards separated 
by filtration from the precipitate of bitartratc of potash; it contains 
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10 grains of hydrocyanic acid, or rather more tlian 2 per cent. 
(Dr. Clark). 

Bulphocyanide o f potasaiinn; K.CyS 2 ; 1222.2 or 97.92.—Sul- 
phocyanogen is a salt-radical consisting of 2 eq. sulphur and 1 eq. 
cyanogen, which is formed on fusing the ferrocyanidcs with sulphur. 
To obtain it in combination with potassium, the ferrocyanide of 
potassium, made anhydrous by heat and reduced to a fine powder, is 
mixed with an equal wciglit of flowers of sulphur in a common cast 
iron pot (pitch pot), and kept in a state of fusion for lialf an hour at 
a temperature above the melting point of sulphur, but below that at 
which bubbles of gas escape through the melted mass. No cyanogen 
is evolved or decomposed, and the residuary matter is a mixture of 
sulphocyanide of potassium and protosulphocyanide of iron, \vith 
the excess of sulphur. Both sulphocyanides dissolve in water, and 
give a solution which is colourless at first, but soon becomes red from 
oxidation of the sulphocyanide of iron. To get rid of the iron, car¬ 
bonate of potash is added to the boiling solution, so long as a preci¬ 
pitate of carbonate of iron falls, and the liquid is afterwards filtered. 
This solution gives crystals of sulphocyanide of potassium, when eva¬ 
porated, which may be freed from any adhering carbonate of potash 
by dissolving them in alcohol. The salt crystallizes in long white 
striated prisms, which are anhydrous, and resemble nitrate of potash 
in their appearance and taste. They deliquesce in a damp atmos¬ 
phere, and arc very soluble in hot charcoal, from which the salt crys¬ 
tallizes on cooling. The sulphocyanide of potassium communicates a 
blood red colour to solutions of salts of sesf|uioxidc of iron, and is 
consequently employed as a test of that metal in its higher state of 
oxidation. The red solution is madci perfectly colourless by a mode¬ 
rate dilution with water, when the iron is not present in tjxcess. The 
sulphocyanide of potassium has been detected in the saliva of man 
and the sheep. 


SALTS OP OXIDE OF POTASSIUM. 

(kirhonatn t>f potash ; KO.COg; oq. ()9 or 8fl2.5.—This useful 
salt is princi])ally obtained from tlnj ashes of plants. Potash is 
always contained in a state of combination in clay and other minerals 
which form the earthy part of soil, and appears to lx; a constituent 
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of soil essential to vegetation. The alkali is appropriated by plants, 
and is found in their sap combined with vegetable acids, particularly 
with oxalic and tartaric acids; also with silicic and sulphuric acids, 
and as chloride of potassium. When the plants are dried and 
burned, the salts of the vegetable acids arc destroyed, and leave 
carbonate of potash: shrubs yielding three, and herbs five times as 
much sahnc matters as trees j and the branches of trees being more 
productive than their trunks—a distribution which may depend upon 
the potash existing chiclly in the sap. The whole ashes from wood 
seldom exceed 1 per cent of its weight, of which l-6th may be 
saline matter. Tlie solution, evaporated to dryness, yields jioiaahes; 
and these, partially purified and ignited, form paarlash. The carbo¬ 
nate is mixed in the latter with about r!0 ])er cent, of foreign salts, 
principally sulphate of ])otash and chloride of potassium. The 
carbonate of potash is obtained, in a stale of greater purity, by 
dissolving peariasli in an ctiual weight of water, llicii separating the 
solution from uiidissolvcd salts, and evajjoraLiiig it to dryness 

Oarbonatcj of potash is pi-cjpared of greater purity for chemical 
purposes, hy igniting hitartratc of potasli; or better, by burning 
tog<ither parts of that salt and 1 of nitre. In the latter process, 
the carbon and hydn)gen of lire tartaric acid arc destroyed by the 
oxygen of the nitric atsid, and carbonuti' of potash remains mixed 
with charcoal, from which it may be separated by solution and 
(dtration. 

Carbonate of potash lias an aciid, alkaline taste, but is not caustic. 
It gives a green colour to the blue iiifiision of cabbage. This salt is 
highly dohqucscimt, aud solubU' iu less than an eepud weight of 
water at 60°. It may be crystallized with two equivalents of water. 
Added to solutions of salts of lime, lead. Set., it tlirows down insoluble 
carbonates. It is more fieipieutly used than the caustic alkali, to 
iKMitralizo acids and to form the salts of potash. 

liicarhonate uf jMttfxh ; 1L0.CC).2+lvO.CO .2 ; cy. 100 or lii50. 
—Formed by trausmittiug a stream of carbonic acid gas through a 
saturated cold solut ion of the. neutral carbonate. It is soluble iu four 


times its weight of water at 60°, and in less water at 212°. The 
solution has an alkaline taste aud reaction, but is not acrid; it 
does not throw down magnesia from its soluble salts; it loses car¬ 
bonic acid when evaporated at all icinpcratures, and becomes neutral 
carbonute, '^h(^ salt eoidains one proportion of water, which is 
essential to it, and crystallizes noil in prisms of eight sides, having 
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dihedral summits. The existence of a sesquicarbonate of potash is 
doubtful. 

Bulphate of potash; KO.SO3 j eq. 87 or 1087*5.—^Tliis salt 
precipitates when oil of vitriol is added, drop by drop, to a concen¬ 
trated solution of potash. It is generally prepared by neutralizing 
the residue, composed of bisulphate of potash, of the nitric acid 
process (page 347), and crystallizes in double pyramids of six faces, 
or in oblique four-sided prisms. The crystals are anhydrous, 
unalterable in air, and they decrepitate strongly when heated; their 
density is 2*400. The sulphate is one of the least soluble of the 
neutral salts of potash: 100 parts of water dissolve 8 36 parts of this 
salt at 32°, and 0*09666 parts more for each degree above that point. 

Hydrated hisulphate of potash^ or sulphate of loater and 
potash; HO.SO3 + KO.SO3 j eq. 136 or 1700 : the fusible salt 
remaining, when nitrate of potash is decomposed in a retort by two 
equivalents of oil of ^^t^iol. Below 386*6° (197° C.), it is a white 
crystalline mass. This salt is very soluble in water, but is partially 
decomposed by that liquid, and deposits sulphate of potash. It 
crystallizes from a strong solution in rhombohedral crystals, of which 
the form is identical with one of the forms of sulphur. But this 
salt is dimorphous, and crystallizes from a state of fusion by heat in 
large crystals, which have the form of felspar (Mitscherlich). Its 
density is 2.163. The excess of acid in this salt acts upon metals 
and alkaline bases very much as if it were free. 

Hydrated sesquisulphate of potash ; HO.SO3-I-2 (KO.SO3). 
—A salt in prismatic needles discovered by Mr. Pliillips, and which 
has also accidentally occurred since to Mr. Jacquehn. It is decom¬ 
posed by water; the circumstances necessary for its formation are 
unknown. 

Sulphate of potash combines with hydrated nitric andpihosphoric 
acidsj as well as with hydrated sulphuric acid. On dissolving the 
neutral salt in nitric acid, a httle nitre and hydrated bisulphate of 
potash are formed, with a large quantity of a salt in oblique prisms, 
of -which the formula is HO.NO 54-2 (KO.SO 3 ). This last salt fuses 
at 302° (150° C.) ; its density is 2*38 (Jacquelin). The compound 
with phosphoric acid is formed by dissolving sulphate of potash 
in a syrupy solution of that acid, and crystallizes in oblique prisms 
of six sides, which fuse at 464° (240° C.), and of which the density 
is 2*296 (Jacquelin). Its formula is 3 HO.PO 5 + 2 KO.SO 3 . It will 
be observed that both these compounds agree with Mr. Phillipses 
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sesquisulphate in having 2 eq. sulphate of potash to 1 cq. hydrated 
acid. {Annales de Chiraie, Ixx.) 

Nitrate of potash, Nitre, Saltpetre; KO.NOg; eq. 101 or 
1262'5.—Nitric acid is formed in the decomposition of animal 
matters containing nitrogen, when they are exposed to air, and are in 
contsiet with alkaline substances. It appears to be largely produced 
in tliis way in the soil of certain districts of India, from which nitrate 
of potash is obtained by lixiviation. Nitrous soils always contain 
much carbonate of lime, the debris of tertiary calcareous rocks, in 
which the oxygen and nitrogen of the air unite, according to some, 
assisted by the porous structure of the rock, and under the influence 
of ail alkaline base, so as to generate nitric acid without tlie inter¬ 
vention of animal matter. But this conjecture is not founded upon 
experiment; nor is it a necessary hypothesis, since nitrifiable rocks 
are never entirely destitute of organic matter. Nitrate of potash is 
also prepared in some countries of Europe, by imitating the natural 
process, in artificial nitre beds, wherein nitrate of lime is formed, and 
afterwards converted into nitrate of potash by the addition of wood- 
ashes to the lixivium.* 

Nitrate of potash generally crystallizes in long striated six-sided 
prisms, is anhydrous, unalterable in the air, fusible into a limpid 
li(juid by a heat under redness, in which condition it is cast in 
moulds, and forms mlprtineffe. Its density is l‘fl33 (Dr. Watson). 
According to Gay-Lussac 100 parts of wutcr dissolve 13'3 parts of 
thi.s salt at 32°, 29 parts at G4'4°, 74*6 jiarts at 96*8°, and 236 
parts at 206*6°. The taste of the solution is cooling and peculiar; 
it has considerable antiseptic properties. Nitre is insoluble in 
absolute alcohol. 

Erom the large quantity of oxygen wliich nitre contain.s, and the 
facility with which it imparts that (dement to combustibles at a red 
heat, it is much employed in making gunpowder and other defla¬ 
grating mixtures. An intimate mixture of nitre in fine pow'der Avith 

• The ohserrations and original experiments upon nitrification, of Professor Kuhlinnn, 
arc valuable, but do not lead to auy general theory of the process. lie did not succeed 
in causing oxygen and nitrogen gases to combine by means of spongy platinum, but he 
found that under the influence of that substance (1°) all vaporisable compounds of nitrogen, 
including ammonia, mi.\ed with air, with oxygen, or with an oxidating gas, change into 
nitric acid or peroxide of nitrogen; and (2°) that all the vaporisnble compounds of nitrogen 
iueludiiig nitric acid, mixed with hydrogen or a hydrogenous acid, give rise to ammonia. 
—(Memoirs of the Academy of Sciences of Lille, 1838, and Liebig’s Annalen, 4[Xix 
272, 1839.) 
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one-third of its weight of wood cliarcoal, when touched by a body in 
ignition, burns witli great brilliancy, but without explosion. A 
mixture of 3 parts of nitre, 2 of dry cai'boiiate of potash, and 1 of 
sulphur, forms pulvis /uhninantiy w'hicli, heated gently till it ejiters 
into fusion, inflames suddejily, and explodes with n deafening report. 
The violence of the exjdosion is caused by tlie reaction betw'ceii the 
sulphur and nitre being instantaneous, from their fusion and perfect 
intermixture, and the consc([uent sudden formation of much nitrogen 
gas from the decomjwsition of nitric acid. Gunpowder contains both 
sulphur and cliarcosd, of which the former serves tlie purpose of 
accelerating the process of deflagration and supplying lieat, while the 
latter supplies much of the gas, to the formation of which the avail¬ 
able force of the explosion is due. Gunpowder yields about 300 
times its volume of gas, measured when cold ; but its cx])losive force 
is greater than this iudicate.s, from tlic hig1i t< inperatur(> of the gas, 
and not less than 1000 atmospheres. Tlie ordinary proportions of 
gunpowder ajiproach very nearly 1 eq. of nitre, 1 of sulphur, and 3 
of carbon, as Avill be si'cii by the following comparison ;— 





'theoretical Mixture. 

English. 

Uriissia 

Suljiliur 

. . . 11-9 

12-5 

. . 11-5 

Charcoal 

. . . 135 

12-5 

. . 13-5 

Nitre 

. . . 71.-6 

. 75- 

. . 75- 


100-0 

lOO-O 

100-0 


By the combustion of the mixture, carbonic acid and nitrogen 
gases are formed, with a solid residue of protosulpliide of potassium. 
Thus 

Dejlat/raiian of (iff n powder. 

Before Decomposition. After Dccomjiosition. 

3 Carbon . 3 Carbon . .-__^3 Carbonic Acid. 

Nitrate off 

Potash. f - 

V J. 0 lets Slum 

Sulphur . Sulphur_Sulphide of Potassium. 


A portion of tlie pota-sli is always converted into sulphate of 
potash, which must interfere with the exactnes.s of this decomposition. 
Blasting powdi;r is composed of 20 suljihur, 15 cliarcoal, and 65 
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nitre; the proportion of sulphur being increased, by which a more 
powerfully explosive mixture is obtained, but which is not suitable 
for fire-arms, as they are injured by an excess of sulphur. The most 
inflammable charcoal is employed in making gunpowder; which is 
obtained by calcining branches of about -|ths of an inch in diameter, 
in an iron retort, for a considerable time, at a heat scarcely amount¬ 
ing to redness, and which has a brown colour without lustre. Tlic 
granulation of gunpowder increases its explosive force. A charge is 
thus made sufficiently porous to allow flame to penetrate it, and to 
kindle every grain composing it at the same time. But still tlie 
discharge of gun])o\vde,r is not absolutely instantaneous; and it is 
remarkable that other explosive compounds wliich burn more rapidly 
than gunpowder, such as fulminating mercury, arc not adapted for 
the movement of projectiles. Their action iti exploding is violent 
but local: if substituted for gunpowder in cliarging ordinary fire¬ 
arms, they would sliatter them to pieces, and not project the ball. It 
is a common practice to mix with the charge of blasting powder, used 
in mining, a considcrabh' bulk of sau dnst, which renders the com¬ 
bustion of the powder still slower, but produetive of a sustained eflbrt, 
most effectual in moving large masses. 

Chlorate, of potash; KO.ClOgj eq. or 1531'25.—This 

salt is the result of a reaction between chlorine and potash, which 
has already been explained (page 173). In the preparation of 
chlorate of potash, a strong solution of two or three pounds of car¬ 
bonate of potash is made, and clilorine passed through it. The gas 
is conducted into the liquid by a pretty wide tube, or better by a tube 
terminated by a fumu;!, to prevent its being choked by the solid salt 
which is formed. A stage in the process can be observed before the 
liquid has discluu-ged mueli carbonic acid, when bicarbonate, chlorate, 
and hypochlorite of potash exist togidher in solution, and a consider¬ 
able qiiantity of chloride of i)otassiuni is deposited. Tlie latter salt 
is removed, and the ciUTeiit of ehloihic conti[iucd till the liquid, 
which is often red from hypermanganic acid, becomes colourless or 
yellow, and ceases to absorb the gas. A considerable quantity of 
chlorate of potash is deposited in tabular sliining crystals, which are 
purified by solution and a second crystallization; and more of the 
same salt is obtained from the liquid evaporated and set aside to crys¬ 
tallize ; the separation of the chlorate from chloride of potassium de- 
j)cndiug upon the solubility at a low temperature of the former salt 
being greatly less than tliut of the latter. 
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The chlorate of potash may be prepared more economically by ex¬ 
posing to a current of clilorine gas a mixture of 7.'6 parts of carbonate 
of potash, and ]6’8 hydrate of lime in a dry or only slightly damp 
state. Chlorate of potash is formed with carbonate of lime and 
chloride of calcium. The mass is treated with boiling water, which 
dissolves the chloride of calcium and chlorate of potash. The latter 
salt is purified by crystallization. It is stated that other salts of 
potash, particularly the sulphate, may be substituted for the carbonate 
in this process; and that the potash salt and lime are mixed with 
hot water when exposed to the cWorine gas. 

Tliis salt is anhydrous. It appears in fiat crystals of a pearly lustre, 
of which the forms, according to Brooke, belong to the oblique pris¬ 
matic system. Its density is 1.989 (Hassenfratz). It has a cooling, 
disagreeable taste, like that of nitre. According to Gay-Lussac, 
100 parts of water dissolve 3-y parts of chlorate of potash at 32°, 6 
at 59°, 12 at 95°, 19 at 120.2°, and 60 at 219.2°, the point of 
ebullition of a saturated solution. This salt fuses readily in a ghiss 
retort or tube, enters into ebullition, and discharges oxygen below a 
red heat. At a certain period in the 'decom|)osition, when the mass 
becomes thick, hyperchlorate of potash is formed, but ultimately 
chloride of potassium is the sole residue. 

Chlorate of potash deflagrates with combustibles more violently 
than the nitrate. A grain or two of it rubbed in a warm mortar 
with an equal quantity of sulphur, occasions smart (ixplosious, with 
the formation of sulphurous acid gas. Inclosed with a little phos¬ 
phorus in paper, and struck by a hammer, it produces a pow'erful 
explosion; but this experiment may be attended with danger to the 
operator from the projection of the Ihimiug phosphorus. A mixture 
which, when dry, inflameis by percussion, and which was ajiplied to 
lucifcr matches, is composed of this salt, sulphur, and charcoal. One 
of the simplest receipts for this percussion powder consists in w'ashiiig 
out the nitre from 10 parts of ordinary gunpowder with water, and 
mixing the residue intimately, while still humid, with 5^ parts of 
chlorate of potash in an extremely fine powder. This mixture is 
highly inflammable when dry, and dangerous to preserve in that state. 
Phosphorus and nitre, however, are now more generally used for these 
matches (page 432). More chlorate of potash is employed in the 
processes of calico-printing, as an oxidizing agent. 

Perchlorate of potash, KO.ClOy; eq. 138.5 or 1731.25.— 
Processes for prcpiiring this salt have already been described under 
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perchloric acid (p. 475). It is also formed in a strong solution of 
chlorate of potash contained in tlie decomposing cell of a voltaic 
battery, this salt being deposited in small crystals upon the zincoid, 
and no oxygen liberated there. It requires 55 parts of water to dis¬ 
solve it at 59°, but is largely soluble in boiling water. It crystallizes 
in octohedrons with a square base, which are generally small: they 
are anhydrous. It deflagrates less strongly with combustibles than 
the chlorate, loses oxygen at 400°, and is completely decomposed at 
a red heat, chloride of potassium being left. 

lodate of potashy KO.IOg; eq. 213.36 or 2667. —This salt may 
be formed by neutralizing the chloride of iodine with carbonate of 
potash, instead of carbonate of soda (p. 499), It gives small 
anhydrous crystals, which fuse by heat and lose aU their oxygen. 
Iodic acid likewise forms a biniodate and a teriodate of potash, 
according to Scrullas*. The Uniodate is obtained by adding an 
additional proportion of iodic acid to a solution of neutral iodate 
saturated at a high temperature: it contains an equivalent of water, 
but may be made anhydrous by a strong heat, according to my own 
observations. It occurs in prisms with dihedral summits, and requires 
75 ])arts of water at 59° to dissolve it. The teriodate is obtained 
on mixing a strong acid, such as nitric, liydrochloric, or sulphuric, 
with a hot saturated solution of the neutral iodate, and allo\ving it to 
cool slowly. It crystallizes in rhombohedrons, and requires 25 parts 
of water to dissolve it. 

SeruUas has observed that the biniodate of potash has a great dis¬ 
position to form double salts. A compound with chloride of potas¬ 
sium, to which he assigned the formula KCl+KO.IjOjo, is obtained 
on adding a little hydrochloric acid to a solution of iodate of potash, 
and allowing the solution to evaporate spontaneously. This salt 
crystallizes well, but afterwards loses its transparency in the air. It 
is decomposed by water, and cannot be formed by uniting its con¬ 
stituent salts. Another compound contains bisulphate of potash: 
KO.S 2 O 6 + KO.I 2 O 1 Q. These compounds of iodic acid have also 
been lately examined by M. Millon. 


* Annalcs de Chim. ct dc Phys. xliii. 
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SODIUM. 

St/n. Natrium. Kq. 23 287.5; Na. 

Davy obtained tins metal by the voltaic decomposition ol' soda, 
immediately alter the discovery of polassiimi. An intimate mixture 
of cluu-coal and carbonate of soda is formed by calcining acetate of 
soda, from Avliich sodium is coiniuoidy ]ire})art;d, according to tlic 
method described for potassium, and with greater facility, owing to 
the lower ailiiiity of sodium for oxygen. 

Sodium is a white metal having the aspect of silver. Tts density 
is 0.972, at 59°, according to Gay-Lussac and Thoiiaril. This metal 
is so soft, at the usual temperature, that it may be cut with a knife, 
and yields to the pressure of the fingers; it is quite liquid at 194°. 
It oxidates spontaneously in the air, although not so quickly as 
potassium ; and when lieated nearly to redness takes fire and burns 
with a yellow llauic. Thrown upon water, it oxidates with great 
vivacity, but without inllaming, e\olving hydrogen gas, and forming 
an alkaline solution of soda. When a few drops only of water an; 
applied to sodium, it easily becomes sidhciently hot to take lire. 

As potassium is in some degree characteristic of the vegetable 
kingdom, so sodium is the alkaline metal of the animal kingdom, its 
salts being found in all animal Iluids. Both of these (‘leinents occur 
in the mineral world ; of the two, perhaps ])otassium is mo.st exten¬ 
sively dillused; felspar, the most common of minerals, containing 12 
per cent, of potash, but from tlic existence cviTywhere of a soluble 
coinjiouiid of sodium, its chloride, the .sources of that element are the 
more accessible, if not the most abundant. 

The anhydrous protoxide of sodium and the peroxide are prepareil 
in the same manner as tlic corresponding oxides of i»otassium, which 
they greatly resemble in properties. The composition of the peroxide 
of sodium, however, is diderent, being expressed by the formula 
2]Sa + 30 (Thcnard). It is su])posed by M. Millon to be Na-f 20. 

COMPOUND.S OF SODIUM. 

»SW« ; NaO; atj. 31 387.5.—A solution of soda is obtained 

by decomposing thr cry.stallized carbonale i)f soda, dksolved in four 
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or five times its weight of water, by means of half its weight of 
hydrate of lime; the same points being attended to as in the prepara¬ 
tion of potash. A preference is given to this alkali from its cheap¬ 
ness, for most manufacturing purposes, and in the laboratory it may 
frequently be substituted for potash, where a caustic alkali is required. 
On the large scale it is prepared from siultn of soda, a carbonate con¬ 
taining chloride of sodium and sulphate of soda. The solution of 
soda is purified from these salts by concentrating it considerably, upon 
which tlic foreign salts cease to be soluble in the liquid, and precipitate 
(Mr. AY. Blythe). 

The following table, constructed by I)r. Dsdton, exliibits the 
(quantity of caustic soda in solutions of different densities :— 

f^olution of Caustic Soda. 


Density of the Solu¬ 
tion. 

Alkali per cent. 

Density of the Solu¬ 
tion. 

Alkali per cent. 

200 

77-8 

1-40 

290 

l-vS5 

63C 

1-36 

260 

1-72 

^ r,3-8 

1-32 

230 

1(53 

4(5-6 

1-29 

19-0 

156 

41-2 

1-23 

160 

1-50 

3G-8 

1-18 

130 

1'47 

34-0 

1-12 

90 

1-41. 

31-0 

106 

4-7 


The solid hydrate of soda is obtained by evajiorating a solution of 
soda, precisely in the same maimer as tlie corresponding preparation 
of potash. It is soluble in all proportions in water and alcohol. 

Soda is distinguished from potash and other bases by several pro¬ 
perties :—1st. All its salts are soluble in water, and it is therefore 
not precipitated by tailainc acid, chloride of platinum, or any other 
reagent. 2d. AYith sulphuric acid it allbrds a salt wdiich crystallizes 
in large ellloresccnt prisms, easily recognised as Glaubcr^s salt. 3d. 
Its salts communicate a rich yellow tint to flame. 

Suljdtides of sodium. —These compounds so closely resemble the 
sulphides of potassium as not to require a particular description. The 
protosulpUide of sodium crystallizes from a strong solution in octo- 
liedrons. This salt contains water of crystallization; in contact with 
air it rapidly pass(3s into caustic soda, and the hyposulphite of the 
same base. 
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Chloride of sodium. Sea salt, Common salt; NaCl; eq. 58.5 or 
731.25.—Sodium takes fire in chlorine gas, and combining with that 
element, produces this salt. The chloride of sodium is also formed 
on neutralizing hydrochloric acid, by soda or its carbonate, and is 
obtained thus in the greatest purity. Sea-water contains 2.7 per 
cent, of chloride of sodium, which is the most considerable of its saline 
constituents: (analysis of sea-water, page 319). Salt is obtained 
from that source in warm climates, as at St. Ubes, in Portugal, on 
the coast of the Mediterranean near Marseilles, and other places where 
spontaneous evaporation proceeds rapidly; the sea-water being re¬ 
tained in shallow basins or canals, on the surface of which a saline 
crust forms, with the progress of evaporation, which is broken and 
raked out. Sea-w^ater is also evaporated artificially, by means of 
culm, or waste coal, as fuel, on some parts of the coast of Britain, 
but as much for the sake of the hitlern as of the common salt it 
afibrds. The evaporation is not carried to dryness, but when the 
greater part of the chloride of sodium is depositeil in crystals, the 
mother liquid, which forms the bittern, is dran u oil'; it is the source 
of a portion of the Epsom salt and other magnesian preparations of 
commerce. Other inexhaustible sources of comman salt arc the beds 
of sal-gem or rock salt, which occur in several geological formations 
posterior to the coal, as at Nortliwich in Cheshire, in Spain, Poland, 
and many other localities. These beds appear to have been formed 
by the evaporation of salt lakes without an outlet, in which the saline 
matter, continually supplied by rivers, had accumulated, till the water 
being saturated, a deposition of salt took ]3lacc upon the bottom of 
the lake. The Dead Sea is such a lake, and tlie bottom of it is found 
to be covered with salt. The salt is sometimes sufficiently pure for 
its ordinary uses, as it is taken from these deposits, but more gene¬ 
rally it is coloured brown from an admixture of clay, and requires to 
be purified by solution and filtration. Instead of sinking a shaft to 
the bed of rock salt, and mining it, the superior strata are often 
pierced by a bore of merely a few inches in diameter, by which water 
is admitted to the bed, and the brine formed drawn off by a pump 
and pipe of copper suspended in the same tubular opening. 

Chloride of sodium crystallizes from solution in water in cubes, 
and sometimes from urine and liquids containing phosphates in the 
allied form of the regular octohedron. Its crystals are anhydrous, 
but decrepitate when heated, from the expansion of water confined 
between their plates. According to Euchs, pure chloride of sodium 
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has exactly the same degree of solubility in hot and cold water, re¬ 
quiring 2'7 parts of water to dissolve it at all temperatures j but it 
has been proved by Gay-Lussac, and also by Poggiale, thatp^ae solu¬ 
bility of this salt increases sensibly, although not considerably, with 
the temperature. According to Poggiale 100 parts of water dissolve 
of chloride of sodium 35‘52 parts at 32°; 35*87 parts at 57*2° 
(14° C.); 39*61 parts at 212° (100° C.); and 40*35 parts at 
229*46° (109*7° C.), the temperature of ebullition of a saturated 
solution (Annales de Ch. 3me S6r. viii. 469). Gay-Lussac also 
makes the boiling point of a saturated solution 229*5, but that tem¬ 
perature is too high (I believe) for a solution of pure chloride of 
sodium. When a saturated solution is exposed to a low temperature, 
between 14° and 5°, the salt crystallizes in hexagonal tables, which 
have two sides larger than the others, Puchs found these crystals to 
contain 6, and Mitscherlich 4 equivalents of water. If their tem¬ 
perature is allowed to rise above 14°, they undergo decomposition, 
and arc converted into a congeries of minute cubes, from which 
water separates. 

The little increase of the solubility of chloride of sodium at a high 
temperature, makca it impossible to crystallize this salt by cooling a 
hot solution, but Mr. Arrott finds that with the addition of chloride 
of calcium to the solution, a greater inequality of solubility at high 
and low temperatures takes place, and a portion of the chloride of 
sodium crystallizes from a hot saturated solution on cooling. In the 
evaporation of brine for salt, certain inconveniences attend the depo¬ 
sition of salt from the boiling solution, which Mr. Arrott proposes to 
obviate by the presence of chloride of calcium. 

Pure chloride of sodium has an agreeable saline taste, deliquesces 
slightly in damp weather, and dissolves largely in rectified spirits, 
but is very slightly soluble in absolute alcohol. Its density is 2*557 
(Mohs). It fuses at a bright red heat, and at a higher temperature 
rises in vapour. It is immediately decomposed by oil of vitriol, w'itli 
the evolution of hydrochloric acid. Besides being used as a seasoning 
for food, chloride of sodium is employed in the preparation of the 
sulphate and carbonate of soda. When ignited in contact with clay 
containing oxide of iron, the sodium of this salt becomes soda, and 
unites with the silica of the clay, wliilc the chlorine combines with 
iron, and is volatilized as sesquichloride of iron. When cliloride of 
sodium and silica, both dry, are heated together, no decomposition 
takes place; but if steam is passed over the mixture, hydrochloric 
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acid is evolved and silicate of soda formed. On this decomposition 
isr fouTided^the mode of communicating the salt-glaze to pottery; a 
quantity p^salt is throwTi into the kiln, where it is converted into 
vapour by the heat, and condensing upon the surface of the pottciy 
causes its vitrification, whicli is attended with the formation of hydro- 
cldoric acid, a^id of sesquichlorido of iron, if sesquioxide of iron be 
present. These decompositions arc represented by the following 
equations:— 

SiOg and jS-aCl and HO=NaO.SiO., and IICI. 

SiOg and JlNaCl and Fc 203 = 3Na0.Si0.^ and Fe^Cl.^. 

The first reaction has not been ap[died successfully to the prepara¬ 
tion of soda from the chloride of sodium, owing, it is said, to the 
vitiificaiion of the silicate of soda produced, which covers the 
undecomposed chloride of sodium, and protects it from the steam. 
Mr. Tilghman substitutes for the silica preci])itated alumina, which is 
made up into balls with the chloride of sodium, and exposc'd to steam 
in a reverberatory furnace at an elevated tcmj)craturc. Hydrochloric 
acid escapes, and an aluminatc of soda is formed, which may be 
decomposed, when cold, by dry carbonic acid; the carbonate of soda 
is dissolved out by water; the alumina is made up again into balls 
with chloride of sodium, to be ignited anti decomjioscd by st eam as 
before. 

The bromide and iodide of sodium crystallize in cubes, and resembh'. 
in properties the corrcspoiuliiig conlpountls of ])olassium. 


SALTS OP OXIDE OF SODIUM. 

Carbonate of mda; jX'aO.tXl^ + ldHO; oq. 5-3-f 90, 
662.5-f 1125.—This useful salt is found nearly pure in eoimnerce, 
in large crystals, -which eflloresce when exjxxsed to air. Tiicse crys¬ 
tals contain 10 eriuivalcnts of water, and coii.sist, in 100 parts, of 
21.81 soda, 15.1'3 carbonic acid, and 62.76 ivatcr. According to 
Dr. Thomson, they generally contain about ^ per cent, of snljdiato of 
soda as an accidental iinpun’ty : they belong to the obli(|nc })nsmaiie 
system. Their density is 1.023 : 100 parts of water dissolve 20.04 
of the crystals at 58.25^^, and mote than Jin equal weight at the boil¬ 
ing tem})erataie (Dr. Thomson). In warm weather, the carbonate 
of soda sometimes crystallizes in another form, which is not efllorcscent. 
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and of which the proportion of water is 8 equivalents. The ordinary 
crystals, by efflorescing in dry air, are reduced to a hydrate of 5 equi¬ 
valents of water, NaO.COg + 5 HO. The same hydrate appears when 
a solution of carbonate of soda is made to crystallize at 93° (34° C.), 
in crystals derived from an octohedron with a square base. Again, 
a solution of tins salt evaporated between 158° and 176° (70° and 
80° C.), deposits quadrilateral crystals, containing 1 equivalent of 
water, or 14*77 j)er cent. Carbonate of soda, therefore, appears to 
be capable of forming four definite hydrates, containing IIO, 5 HO, 
8110, and lOIIO. The density of the anhydrous salt is 2’509 
(Filhol). 

The solubility of the carbonate of soda, supposed to be anhydrous, 
at v various temperatures, was observed by M. Poggialc to be as 
follows:— 


100 parts of water at 32° (0° f ■.) dissolve 7'08 of carLonatc of soda. 


100 

50° (10° C.) „ 

If)-06 


■ 99 

100 „ 

„ (•,8° (20° C.) „ 

25-83 

39 

99 

100 „ 

„ 8f.°(30°C.) „ 

35-90 

99 

9 * 

100 „ 

„ 219-2'’(101° C.) „ 

48-50 

99 

99 


To obtain such detenninations of the solubility of a salt at a given 
temperature, tvater is kept in contact with a considerable excess of 
the salt in the state of powder for at least half an hour, at the fixed 
temperature, with occasional agitation. About two ounces of the 
solution is then transformed into a light glass flask (fig. 153), and 

Fig. 153. 



after being accurately weighed, is evaporated cither over the gas, or 
by a small furnace, taking care to hold the neck at an angle of 45°, 
to avoid drops of fluid being thrown out by the ebullition. After 
the salt is dry, the heat is still continued, to expel the water of crys- 

2 N 
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talliKation, the esca|>c of the latter being promoted by blowing air 
gently into the fli\sk while hot by means of bellows having a bent 
glass tube attached to the nozzle. 

This salt has a disagreeable alkaline taste. When heated, it 
undergoes the watery fusion; its water is soon dissipated, and a white 
anhydrous salt remains, which again becomes licjuid at a red heat, 
undergoing then the igneous fusion, and by a greater heat it loses no 
carbonic acid. A mixture of carbonates of potash and soda is more 
fusible than either salt separately. 

Carbonate of soda is decomposed at a bright red heat by the 
vapour of water, which disengages all the carbonic acid, and pro¬ 
duces hydrate of soda, TfaO.IIO. The carbon of its acid is also set 
at liberty by phosphorus at a high temperature, and the phosphate of 
soda formed. Lime, baryta, strontia, and magnesia, decompose a 
solution of carbonate of soda, assuming its carbonic acid and lilnj- 
rating soda. 

Carbonate of soda is manufactured by a process which will be de¬ 
scribed immediately under the head of sulphate of soda. Much of the 
carbonate of commerce is not crystallized, but simply evaporated to 
dryness, and is then knovi ii as ftaltM of mda, mdu-mlty ov soda-aah. 
In this form it generally contains chloride of sodium, sidphate of soda, 
hydrate of soda, and often insoluble matter, and varies considerably 
in value. The soda which is caustic, and that in combination with 
carbonic acid alone of the acids, are available in the application of 
the salt as an alkaline substance. Tire pure anhydrous carbonate 
of soda consists of 58'58 soda and 41’42 carbonic acid, aiul the best 
soda-salts of commerce contain from 50 to 58 per cent, of available 
soda. The operation of ascertaining the proportion of alkali in these 
salts, and in other forms of the carbonate of soda, is a process of im¬ 
portance from its freejuent occuiTCiice, and of high interest and 
value as a general method of analysis of easy execution, and applica¬ 
ble to a great variety of substances. 1 shall therefore describe 
minutely the mode of conducting it. 
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alkalimetry. 

The experiment is, to find how many measures of a diluted acid 
are re{piircd to destroy the alkaline reaction of, and to neutralize 100 
grains of a specimen of soda-salt. (1.) The acid is measured in the 
alkali meter, which is a straight glass tube, or very narrow jar, with a 

P,G. 154. (%• 1^^)^ of 

an inch in width, and 14 or 
15 inches in height, generally 
mounted upon a foot, which 
is by no means advantageous, 
as «, (fig. 155), capable of 
containing at least 1000 grs. 
of water. It is graduated 
into 100 pai’ts, each of which 
holds ten grains of water. In 
the operation of dividing such 
an instrument, it is more con¬ 
venient to use measures of 
mercury than water,—136’68 

grains of mercury being in bulk equal to 10 grains of water, 
678*40 grains will be equal to 50 grains of water. A unit 
measure may be formed of a pipette, bj made to hold the last 
quantity of mercury, into which the metal is poured, the opening at 
the point of the pipette being closed by the finger, and the height of 
the mercury in the tube marked by a scratch on the glass made by a 
triangular file. The bulk of twice that quantity of mercury, or 100 
water grain measures, may likewise be marked upon the tube. The 
former quantity of mercury is then decanted from the tube into the 
alkalimeter to be graduated, and a scratch made upon the latter at 
the mercury surface : this is 5 of the 10-grain water measures. 
Another measure is added, and its height marked; and the same re¬ 
peated till 20 measures of mercury in all have been added, wliich are 
100 ten-grain water measures. The subdivision of each of these 
measures into 5 is best made by tlie eye, and is also marked on the 
alkalimeter. Tlie divisions are lastly numbered, 0, 5,10, &c. counting 
from above downwards, and terminating with 100 on the sole of the 
instrument. Several alkalimeters may be graduated at the same 
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time, with little more trouble than one, the measured quantities of 
mercury being transferred from one to the others in succession. 

(2.) To form the test acid, 4 ounces of oil of vitriol are diluted 
with 20 ounces of water; or larger quantities of acid and water 
are mixed in these proportions. About three-fourths of an ounce of 
bicarbonate of soda is heated strongly by a lamp for an hour, to 
obtain pure carbonate of soda; of which 171 grains are imme¬ 
diately weighed; that quantity, or more properly 170'6 grains, con¬ 
taining 100 grains of soda. This portion of carbonate of soda is 
dissolved in 4 or 5 ounces of hot water, contained in a basin, and 
kept in a state of gentle ebullition; and the alkalimetcr is filled up 
to 0 with the dilute acid. The measured acid is poured gradually 
into the soda solution, till the action of the latter upon test-paper 
ceases to be alkaline, and becomes distinctly acid, and the measures 
of acid necessary to produce that change accurately observed. The 
last portions of the acid must be carefully added by a single drop at 
a time, which is most easily done by using a short glass rod to con¬ 
duct the stream of acid from the lip of the alkalimcter. It may pro¬ 
bably require about 90 measures. But it is convenient to have the 
acid exactly of the strength at which 100 measures of it saturate 100 
grains of soda. A plain cylindrical jar, c, of which the capacity is 
about a pint and a half, is graduated into 100 parts, each con¬ 
taining 100 grain measures of water, or ten times as much as the 
divisions of the alkalimeter. The divisions of this jar, however, arc 
numbered from the bottom upwards, as is usual in measures of 
capacity. This jar is filled up with the dilute acid to the extent of 
90, or whatever number of the alkalimeter divisions of acid were 
found to neutralize 100 grains of soda; and ivatcr is added to make 
up the acid liquid to 100 measures. Such is the test acid, of which 
100 alkalimeter measures neutralize, and arc equivalent to, 100 grains 
of soda; or 1 measure of acid to 1 grain of soda. It is transferred 
to a stock bottle. The remainder of the original dilute acid is diluted 
with water to an equal extent, in the same instrument, and added to 
the bottle. The density of this acid is 1*0995 or 1*0998, which is 
sensibly the same as 1‘1. Tlic protohydrate of sulphuric acid 
dilated with 5|^ times its w'eight of water, gives this test neid 
exactly; but as dil of vitriol varies in strength, it is better to 
form the test acid in the manner described than to trust to that 
mixture. Twenty-two measures of the test acid should neutralize 
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109 grains of cr. carbonate of soda; and 58| measures, 100 grains 
of pure aiiliydrous carbonate of soda. 

(Ji.) In ax)plying the test acid, it is poured from the alkaliineter, 
as before, upon 100 grains of the soda-salt to be tested, dissolved in 
two or three ounces of liot water, the liquid being well stirred by 
a glass rod after each addition of acid. The salt contains so many 
giains of soda as it requires measures of acid to neutralize it; and, 
therefore, so much alkali per cent. The first trial, howevei’, should 
ordy bo considered an approximation, as much greater accuracy will 
be obtained on a repetition of it. The experiment is often made ifi 
the cold, but it is very advantageous to have the alkaline solution in 
a basin, in which it is heated and evaporated during the addition of 
the test-acid. The indications of the test-paper then become greatly 
more clear and decisive, both from the expulsion . of the carbonic 
acid and the concentration of the solution. With sucl\,precautioiis 
the proportion of soda may be determined to 01 grain in 100 grains 
of salt, and an alkalirnetrical determination, made in a few minutes, 
is not inferior in precision to an ordinary analysis. 

J f the soda-salt is mixed with insoluble matter, its solution must 
be filtered before the test acid is applied to it. In examining a soda- 
salt which blackens salts of lead, and contains carbonate of soda wdth 
sulphide of sodium and liyposulphite of soda, 100 grains arc tested 
as above, and the whole alkali in the salts thus determined. A 
inmtral solutioi] of chloride of calcium is also added in excess to the 
solution of a second liuiidred grains, by which the carbonate of soda 
is converted into cliloride of sodium, while carbonate of lime precipi¬ 
tates. The filtered liquid is still alkaline, and contains all the sul- 
})ludc of sodium and hyposulphite of soda ; the quantity of soda cor¬ 
responding with which is ascertained by means of the test acid. 
I'his quantity is to be deducted from the whole quantity of alkali 
t)bscrved in the first experiment. 

Borax may be analysed by the same test acid, and will be found, 
when pure, to contain 16-37 per cent, of soda. The carbonates of 
potash may also be examined by the same means; but tlie per centage 
of alkali must then be estimated higher than the measures of acid 
nentralized, in the proportion of the equivalent of soda to that of 
potasb, whicli arc to each other as 31 to 47. 

Tlie test-paper employed in alkalimetry must be delicate. It 
should be prepared on purpose, by applying a filtered infusion of 
litmus several times to good letter-paper (not unsized paper), and 
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drying it after each iinmeraion, till the paper is of a distinct but not 
deep purple colour. If tlid* test-acid be added to the alkaline solu¬ 
tion in the cold, the operator must make himself familiar with the 
difference between the slight reddening of his test-paper by carbonic 
acid which is disengaged, and the unequivocal reddening which is 
produced by the smallest quantity of a strong acid. The former is a 
purple or wine-red tint; the latter a pale or yellow red, without 
blue, like the skin of an onion. 

Method of Gay-Lussac .—The directions for proceeding given by 
M. Gay-Lussac are recommended by the general utility of the Jfrcnch 
measures employed for scientific purposes. It is commercial potash 
which is supposed to be examined, and its value is expressed in 
anhydrous oxide of potassium. 

The acid employed is the sulphuric, as before, of which 5 grammes 
at its maxiqpim of concentration, that is, the acid HO-SO3, are taken 
as a unit. This quantity of acid is diluted with water, so that the 
mixture occupies fifty cubic centimeters, or one hundred half cubic 
centimeters.* It is capable of neutralizing 4‘816 grammes of pure 
potash, and one half cubic centimeter of the dilute acid will conse¬ 
quently indicate O-OISlfi gramme of potash. 

To prepare the normal acidjluidy as the test-acid is called, it is 
necessary to have the pure monohydrated sulphuric acid. The acid 
sold as distilled sulphuric acid is sufficiently free from fixed impuri¬ 
ties, but generally contains a little water in excess. By evaporating 
off one-fourth of this acid, the remaining three-fourths are left of the 
maximum degree of concentration. One hundred grammes of the 
monohydrated sulphuric acid arc accurately weighed in a small glass 
bottle. A thin glass flask is also provided, which holds a liter of 
water when filled to a mark on the neck. The sulphuric acid already 
weighed is added in a gradual manner to this flask, about half filled 
with water at first, a circular motion being given to the vessel in 
order to mix the liquids rapidly. The acid bottle is well rinsed out 
with water, which is added to the flask; and when the w’hole cools, 
more w’ater is added to fill up the flask to the mark on the neck. 
The normal acid fluid, thus prepared, should be preserved for use in 
a well-stopped bottle. 

In making an examination of commercial potashes, a fair sample 

• The Gramme is 15'4336 grains; the Cubic Centimeter, 0'06103 English cubic 
inch ; the Liter or 1000 cubic centimeters, 61 03 cubic inches, 0'22017 English impe¬ 
rial gallon, or 1'76133 pint. 
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of the mass is first taken, and reduced to powder; of this, 48*16 
grammes are accurately weighed out, and dissolved in a quantity of 
water, so that the volume of the solution is exactly half a liter. If 
one-tenth of this liquid be taken, that is, fifty cubic centimeters, we 
sliall of course have the quantity which contains 4*816 grammes of 
the potashes. To draw off this portion conveniently, a pipette is 
used (fig. 156), which holds fifty cubic centimeters 
when filled up to a mark a on its stem. The 
pipette is emptied into a plain glass jar, the last 
drop of liquid being made to flow out by blowing 
into the pipette. A sufficiently distinct blue tint 
is given to the liquid in the jar by the addition of 
a few drops of an infusion of litmus, and the jar 
placed upon a sheet of white letter paper, in order 
to observe the changes of colour afterwards with 
more facility. 

To measure the normal acid fluid, a glass tube 
of the form fig. 157 is used, 12 or 14 millimeters 
in internal diameter, which is called a hiirette. It 
is divided into half cubic centimeters, and the di¬ 
visions marked on the large tube in an inverse 
order, as in the former alkalimeter. The beak 
may be greased below the aperture, to prevent the 
liquid running down the outside of the glass. The 
acid is poured from the burette, filled to the divi¬ 
sion 0, into the jar containing the potash-solution, 
the liquid in the latter being constantly stirred. 
The change to the wdne-colour is first observed, 
and tlie addition of acid is afterwards continued 
with tlie greatest caution, drop by drop, till the 
liquid assumes at once the onion-skin red. A few 
drops of acid in excess are inevitably added, owing 
to the slowness of the action of the last portions of 
acid upon the colouring matter. The number of 
these drops in excess is discovered by drawing a line with the liquid 
upon a slip of blue litmus paper, after the addition of each drop. 
The lines become red after the lapse of some time, where the acid is 
in excess, and give the number of drops to be deducted; of these, 
five arc in general equivalent to one measure of the burette. The 
quantity of potash is calculated from the measures of iionnal acid 
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fluid required, each measure representing O'04816 gramme of potash, 
as already stated. 

The chief objection to the practice of this method is tlie delicacy, 
and in some degree uncertainty, of the mode of determining tlie 
number of drops of acid always added in excess. This difficulty is 
best avoided, 1 believe, by operating upon the alkaline solution while 
hot and undergoing evaporation, as directed in the preceding method 
of alkalimetry.* 

The object of an alkalimctrical process may also be obtained by 
determining the quantity of carbonic acid in a specimen of soda-asli 
or potashes. The quantity of carbonic acid is ascertained by decom¬ 
posing the carbonate by sulphuric acid, and observing the loss of 
weight occasioned by the escape of the gas. The evolution of hydro- 
sulphuric acid gas at the same time, by the decomposition of sulphide 
of sodium, is prevented by adding a little bicliromate of potash to 
the sulphuric acid, so as to oxidize the former acid gas. Tor every 
equivalent of carbonic acid, or 22 parts, an equivalent quantity of 
soda or potash is allow^ed to be present; namely, 31 parts of soda 
or 47 parts of potash. The process may be conducted by means of 
the well-devised anmigeraents of Dr. \\'ill, described in M'orks upon 
Analytical Chemistry. It would, however, be a subject of regret 
if this latter method should be allowed to supersede the us(5 of 
normal fluids and the burette, wliich arc capable of being usefully 
applied in numerous other investigations besides alkalimetry, and, in 
fact, form the basis of an interesting department of chemical analysis. 

Bicarbonate of soda; liO.COa + Na0.C02 ; 84 or 1050.— 
This salt is formed when a stream of carbonic acid gas is transmitted 
through a saturated solution of the neutral carbonate; it is then 
deposited as a farinaceous powder, but may be obtained in crystals 
from a weaker solution, wliich are rectangular prisms. But it is 
generally prepared on the large scale by exposing the crystals of 
neutral carbonate, placed on trays in a wooden case, to an atmo¬ 
sphere of carbonic acid gas: the matter then changes entirely into 
bicarbonate, which appears in amorphous and opjiquc masses. One 
hundred parts of water dissolve of it 10'04 j>arts at 50° (10° C.) 
and 16*69 parts at 158° (70° C.), according to M. Poggiale. Al- 


* The apparatus and methods of alkullmctry have received much attention from Mr. 
GrifTin. ni.s improved apparatus and test-paper may be procured at the Chemical 
Museum, 53, llalcer Street. 
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though containing two equivalents of aeid, this salt is alkaline to 
test-paj)crj but its taste is much less unpleasant than the neutral 
carbonate, and indeed is scarcely perceived when mixed with a little 
common salt. The crystallized salt is permanent in dry air, but its 
solution loses carbonic acid, slowly at the temperature of the air, and 
rapidly above 160°, passing into the state of sesquicarboiiate, and ulti¬ 
mately of neutral carbonate. A solution of bicarbonate of soda does 
not produce a precipitate in salts of magnesia in the cold, nor does 
it disturb immediately a solution of chloride of mercury; by which 
properties it is distinguished from the neutral carbonate. 

The bicarbonate of soda is obtained otherwise by an interesting 
reaction. Equal w'eights are taken of common salt and of the car¬ 
bonate of ammonia of the shops, wdiich is cliielly bicarbonate; the 
former is dissolved in three times its w eight of water, and the latter 
added in the state of tine pow^der to this solution, the whole stirred 
well together, and allow'ed to stand for some hours. The bicarbo¬ 
nate of oxide of ammonium present reacts uj)on chloride of sodium, 
])roducing the more sparingly soluble bicarbonate of soda, which 
precipitates in crystalline grains and causes the liquid to become 
tliick, with chloride of ammonium (sal-ammoniac), which remains in 
solution;— 

HO.CO 2 -fNH 4 O.CO 2 and Na Cl= 
IIO.CO 2 -fNaO.CO 2 and NH^ Cl. 

The solid bicarbonate of soda is separated from the liquid by pressure 
in a screw jucssj but retains a portion of chloride of sodium. 
Messrs. Hemming and Uyer, who first observed this reaction, pro¬ 
posed it as a process for obtaining carbonate of soda from common 
sidt. 

Sesquicarbotiafe of soda; 2NaO-f SCOg-f 4 HO ; 164 2050. 

—This salt presents itself occasionally in small prismatic crystals, 
but cannot be prepared at pleasure. It is unalterable in the air, but 
is decomposed in the dry state by a less degree of heat than the 
bicarbonate, notw’itlistanding its containing a smaller excess of car¬ 
bonic acid. Tile tlicorutical carbonate of water, supposed to resemble 
the carbonate of magnesia, will be ITO-COg-f llO-f 2 HO; which 
gives the salt in question, if the last 2HO arc replaced by two pro¬ 
portions of protohydrated carbonate of soda. Substitutions of this 
character appear to be common in tiie formation of double carbo¬ 
nates and oxalates. The bicarbonate of potash may be formed by 
the substitution of carbonate of potash for the first 110 , in the same 
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carbouate of water, while the other 2HO disappear. The sescpii- 
carbouate of soda occurs native in several places, particularly on the 
banks of the lakes of Soda in tlie province of Sukena, in Africa, 
M'hence it is exported under the name of Trona; in Egypt, Hun¬ 
gary, and in Mexico, and has the same proportion of water as the 
artificial salt. 

Double carbonate of potash and soda. —^The carbonates of pot¬ 
ash and soda unite readily by fusion. A compound was also ob- 
tfiined by M. Margueritte, in transparent crystals, by submitting a 
solution of the two carbonates, in different proportions, to evapora¬ 
tion, of which the formula is ^(NaO.CO^) 4-(KO.COj) +18110. 
These crystals may be dissolved without injury in a solution of car¬ 
bonate of potash, but when dissolved in pure water they are in great 
part decomposed, and allow crystals of carbonate of soda to be 
deposited. This double salt may be analysed by evaporating to dry¬ 
ness, after first adding hydrochloric acid, to convert the bases into 
chlorides of potassium and sodium, and then precipitating the former 
by means of bichloride of platinum, as described at page 520, 

Na0.S02+ lOHO; 03-f 90,or787*5 + 1125. 
This salt crystallizes in oblique prisms, and is efflorescent like the 
sulphate of soda, which it much resembles. Its taste is sulphureous, 
and its reaction feebly alkaline. When heated strongly in a close 
vessel, it gives sulphate of soda mixed with sulphide of sodium. It 
is prepared by passing a stream of sulphurous acid through a solu¬ 
tion of the carbonate of soda (p. 400), or on the large scale by 
exposing the crystals of carbonate of soda, moistened, to the va 2 iour 
of burning sulphur. This salt, and also the sulidiite of lime, arc 
much employed as an antichlore, or to remove the last traces of 
chlorine from bleached cloth and the pulp of paper. A bisulphite of 
soda also exists, which a{)])ears in irregular and opaque cry stals. 

Hyposulphite of soda. —NaO.S^Oj + SIlO; 79 + 45, or 987‘5 
+ 562.5. Tliis salt, of which the preparation and some of the jiro- 
perties have already been described (p. 415), is inodorous, persistent 
in air, very soluble in water, and insoluble in alcohol. It crystallizes 
in large rhomboidal prisms, terminated by oblique faces, of wdiich 
the acute angles arc replsiced by planes. When heated in a covered 
vessel, it first loses its water, and then undergoes decomposition, and 
is re.solved into sulphate of soda and pentasulphide of sodium. The 
hyposidphite of soda readily dissolves chloride of silver, forming a 
double salt of soda and oxide of silver, which has an intensely sweet 



SULPHATK 0¥ SODA, 


555 


taste. It also dissolves the red oxide of mercury easily, forming a 
double salt, which readily decomposes with deposition of sulphide of 
mercury. With chloride of gold, it gives rise to the formation of 
chloride of sodium, tetrathionate of soda, and a double hyposulphite 
of soda and oxide of gold, of which the formula is 

Au20.S202 + 3(Na0.S202) 4'4!HO(rordos and Gclis). 

The use of this last salt is recommended for fixing the daguerreo¬ 
type image. 

Sulphate of soda, Glauber^ s salt; NaO.SOg-f lOIIO; 71 + 90, 
or 887'5 + 1125.—This salt occurs crystallized in nature, and also 
dissolved in mineral waters, and is formed on neutralizing carbonate 
of soda by sulphuric acid. But it is more generally prepared by 
decomposing common salt with sulphuric acid, as in the process for 
hydrochloric acid (page 464). The sulphate of soda crystallizes 
readily in long prisms, of which the sides arc often channelled, which 
have a cooling and bitter taste, and contain 55*76 per cent, of 
water, or 10 equivalents; in which they fuse by a slight elevation of 
temperature, and which they lose entirely by efflorescence in dry air 
even at40'’. At 100 parts of water dissolve 6*02 parts of anhy¬ 
drous sulphate of soda, 16*73 parts at 64*2° (17*91°C.), 50*65 p-arts 
at 91°, which is the temperature of maximum solubihty of this salt, 
and 42*65 parts at the boiling temperature of a saturated solution, 
which is 217*6° (103*1° G.), as observed by Gay-Lussac. In a 
supersaturated solution of this salt (page 315), crystals are some¬ 
times slowly deposited, which are difierent in form and harder than 
Glauber’s salt; they are long prisms with rhombic bases, and contain 
8 equivalents of water, or possibly only 7 equivalents (Loewel, Ann. 
Ch. Phys. 3 ser. xxix. 62; or Ohem. Soc. Quart. Journ. hi. 164). 

M. Loewel finds these crystals to have a greater solubility than 
the ten-atom hydrate. The sulphate of soda no doubt exists in the 
su]>ersaturatcd solution as eight-atom hydrate, and the s*alt is induced 
to crystallize by causes which in*ake it to assume two additional 
equivalents of water, and form the less soluble hydrate. It is proved 
that the action of air in causing crystallization is not from its pres¬ 
sure (Gay-Lussac, Ann. Ch. Phys. 2 ser. ii. 296); but, as I have 
shown from the solubility of air in the salineiBolution, carbonic acid 
exceeding air in activity (Edinb. Trans, xi. 114). Loewel observes, 
among other curious circumstances, that a rod of glass or metal, which 
dcteimines the formation of the ten-atom hydrate when plunged into 
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the supersaturated solution, loses this property if it is left in contact with 
water for twelve hours, or if it lias been previously heated to between 
40° and 100° C., and continues incajiable of inducing crystallization 
for ten days or a fortnight at the ordinary temperature, if preserved 
from free contact witli the air. I had previously put up clean glass 
beads into supersaturated solutions contained in jars inverted over 
mercury, without determining crystallization, and would ascribe the 
action of the glass surface to adhering soluble matter, rather than 
the molecular condition of the glass, as supposed By M. Locwel. 

A saturated solution of sulphate of soda, kept at a temperature 
between 91° and 104°, affords octohcdral crystals Avith a rhombic 
base, which are anhydrous. They arc isomorplious with the hyper- 
manganatc of baryta. Tlieir density is 2*642. The anhydrous salt 
fuses at a bright-red heat, without loss of acid. Sulphate of soda 
was at one time the saline ajicrient in general use, but is now super¬ 
seded by sulphate of magnesia. It is still, however, combined Avith 
the tartrate of potash and soda, in Seidlitz poAvders. 

The crystallized sulphate of soda dissolves freely in hydrochloric 
acid, or in dilute sulphuric acid, and produces a great degree of cold, 
by which water may easily be frozen in summer. A suitable a|)pa- 
ratus for this j)urpose consists of a hollow cylinder C G (I'igf?. IfiS 
and 159), intemded for the reception of the freezing mixture, itself 
surrounded by a space to contain the Avatcr to be frozen, having the 
extcrual opening and the whole protected by a double casing, 1111, 
lllled with cotton or tow to prevent access of licat. The cylinder A 
I'lG. 158. I'lG, ir>y. 
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is hollow, and may also have water placed in it to be frozen. This 
cylinder is turned on a pivot by the handle above, and has projec¬ 
tions or vanes, C C, by which the salt and acid are conveniently 
agitated. The upper part, D, of this cylinder is filled with a non¬ 
conducting material. The freezing mixture is added in charges of 
about 3 pounds of pulverized sulphate of soda, and 2 pound measures 
of hydrochloric acid, at a time; which are repeated after ten minutes, 
and the stopcock opened to allow the acid solution to flow into the 
vessel V below, where its low temperature may be further employed 
to cool wine or other beverages. With 12 pounds of sulphate of 
soda, and about 10 pounds of acid, from 10 to 12 pounds of ice may 
be formed in the course of an hour in this manner. 

The anhydrous sulphate of soda also forms the mineral Tlienardite, 
which was discovered by M. Casasecu in the neighbourhood of 
Madrid. « 


PREPARATION OF CARBONATE OF SODA FROM THE SULPHATE. 

The sulphate of soda is chiefly formed as a stop in the process of 
j)reparing soda from common salt. The same manufacture gives 
rise to the preparation of large quantities of sulphuric acid, of which 
80 pounds are required for 100 pounds of salt. Trom the last, up¬ 
wards of 50,000 tons of soda-ash, and 20,000 tons of crystallized 
carbonate of soda, were manufactured in 1838; and the production 
has since greatly increased. 

A reverberatory furnace is employed in soda-making and various 
other chemical manufactures, to 
ailord the means of exposing a con¬ 
siderable quantity of materials to 
a strong heat, of wduch a perpen¬ 
dicular and a horizontal section are 
given in fig. 160. It consists of 
a fire-place, a, in which the fuel is 
burned, of which b is the ash-pit, 
with a horizontal flue expanded into 
a small chamber or oven, d d, which 
is raised to a strong red heat by the 
reverberation on its walls of the 
flame or heated air from the fire, on 
its passage to the chimney. The 
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matters to be heated are placed upon the floor of this chamber. It 
has an opening, in the side, for the introduction of materials, and 
another opening, at the end most distant from the fire. The chimney 
is provided with a damper, ])y by which the draught is regulated. 

(1.) The sulphate of soda is prepared by throwing 600 pounds of 
common salt into the chamber of the furnace, already well heated, 
and running down upon it, from an opening in the roof, an equal 
w'eight of sulphuric acid of density 1’600, in a moderate stream. 
Hydrochloric acid is disengaged and carried up the chimney, and the 
conversion of the salt into sulphate of soda is completed in four 
hours. (2.) The sulphate thus prepared is reduced to powder and 
100 parts of it mixed with 103 parts of ground chalk, and 62 parts 
of small coal ground and sifted. This mixture is introduced into a 
very hot reverberatory furnace, about two hundred weight at a. time. 
It is frequently stirred until it is uniformly heated. In about an 
hour it fuses; it is then well stirred for about five minutes, and drawn 
out with a rake into a cast-iron trough, in which it is allowed to cool 
and solidify. This is called ball soda, or black-ash, and contains 
about 22 per cent, of alkali. (3.) To separate the salts from 
insoluble matter, the cake of ball soda, when cold is broken up, put 
into vats, and covered by warm water. In six hours the solution is 
drawn off from below, and the washing repeated about eight times, to 
extract all the soluble matter. These liquors being mixed together 
are boiled down to dryness, and aflbrd a salt which is princijially 
carbonate of soda, with a little caustic soda and sulphide of sodium. 
(1.) Eor the purpose of getting rid of the sulphur, the salt is mixed with 
one-fourth of its bulk of sawdust, and exposed to a low red heat in a 
reverberatory furnace for about 4 hours, which converts the caustic 
soda into carbonate, while the sul[)hur also is carried off. This pro¬ 
duct co7itains about 50 per cent of alkali, and forms the soda-salt 
of best quality. (6.) If the crystallized carbonate is required, the 
last salt is dissolved in water, allowed to settle, and the clear liquid 
boiled down until a pellicle appears on its surface. The solution is 
then run into shallow boxes of cast iron, to crystallize in a cool place; 
and after standing for a week the mother liquor is drawn oflF, tlie 
crystals drained, and Iwoken up for the market. (6.) The mother 
liquor, which containJIRic foreign salts, is evaporated to dryness, for 
a soda-salt, which serves for soap or glass making, and contains about 
30 per cent, of alkali. 

In fig. 161 a soda furnace is represented, consisting of two com¬ 
partments : the first. A, in which the sulphate of soda is decomposed, 
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and the second, B, in which sulphuric acid is applied to the chloride 
of sodium, and the sulphate of soda formed. The heat from the 
furnace is further economized by being applied to evaporate solutions 
of carbonate of soda in C and D. 

The most essential part of this process is the fusion of sulphate 
of soda with coal and carbonate of lime : by the first, the sulphate is 
converted into sulphide of sodium (page 541); and by the second, 
the sulphide of sodium is converted into carbonate of soda. These 
changes may be effected se|)arately to a considerable extent, but 
not completely, by calcining the suljdiate at a higher temperature 
with coal and carbonate of lime in succession. The lime becomes at 
the same time sulphide of calcium, or it is more generally supposed 
to form an oxi-sulphide of calcium, SCaS.CaO, a compound which 
would destroy the carbonate of soda, if it was dissolved along with 
that salt, in the subsequent lixiviation of the ball soda. But the 
sulphide of calcium being nearly insoluble of itself, or rendered 
entirely so by its combination with lime, does not dissolve to a 
sensible extent in the experiment. The application, however, of 
very hot water'to the ball soda is to be avoided. The foUorving 
diagram is used to represent the chemical changes in this process, 
supposing for simplicity that charcoal is employed instead of coal, 
and lime instead of its carbonate; the numbers denoting equiva¬ 
lents ;— 

REACTION IN THE SODA PllOCESS. 
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Mr. Gossago considers the additional 4 eqiiiv. of lime us super¬ 
fluous, although not injurious in the process. The soda derives 
carbonic acid from the carbonate of lime or from the gases of the 
fire, and is therefore entirely caibonate. No hydrate of soda is 
dissolved out of the ball soda by alcohol, but a portion of the carbo¬ 
nate appears often to become caustic by the action of the caustic lime, 
in the subsequent lixiviation.* 

The insoluble sulphide of calcium of this process is known as soda- 
waste. It is not merely valueless, but troublesome to the manufacturer. 
But the altempi has been made to turn it to account as a source of 
sulphur. As means are now taken to condense the hydrochloric acid, 
formerly sent up the chimney, this acid is applied to the soda- 
waste, from which it disengages hydrochloric and carbonic acids. 
But hydrochloric acid is not produced, in the soda process, in ade- 


* The aunlysis, by Jfr. F. CLiudet in my Inboratory, of a specimen of bbich-ash from 
niriniiigbnm, innhich a minimum of lime n|ipcars to have been uaeil, gave Uie following 
results: — 
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Silicic acid 

^Oxide of Iron, Alumina 
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The lime found is not in quantity sulTicient to form the oxi-siilphidc of calcium, 
SCaS.CaO; confirming the view of the process taken by Mr. (lossagc. No hydrate of 
soda, or sulphide of sodium, was dissolved out of this hlack-osh by alcohol. The portion 
of the last salt obtained in the analysis appeared to be the result of over-washing ; the 
sulphide of calcium having a tendency to pass into lime and the soluble hydrosulphatc 
of sulphide of calcium, which decompose a portion of the carbonate of soda. Althongli 
this important process has been much studied, its theory is still incomplete. The 
fumacing of the sulphate of soda is promoted by aqueous vapour, and a loss of sulphur 
occurs in a way which is not understood. Sec the papers of Mr. .1. Ilrown (Phil. Mag. 
xxxiv. 15), of M, IJ. Unger (Ann. Ch. Pharra. Ixi. Ixiii. and Ixvii.), and the Annual 
Report on the Progress of Chemistry of liicbig and Kopp, edited by Hofmann and Dc la 
Rue, ii. 292, 1847-48. 
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tjuate quantity for this application of it, and tlie carbonic acid evolved 
with the hydrosulphuric acid might interfere with the combustion of 
tlie latter. These difficulties, however, arc in a great degree removed, 
by the discovery of Mr. Gossage, that sulphide of calcium, when 
moistened with water, is decomposed easily and completely by a 
single equivalent of carbonic acid. Hence the application of hydro¬ 
chloric acid to the waste may be made, with the evolution of nothing 
but hydrosulphuric acid ; and the deficiency in the quantity of 
hydrochloric acid may be made up by a supply of carbonic acid, to 
be applied to the waste, from any other source. The hydrosulphuric 
acid would be burned, instead of sulphur, in the leaden chamber, to 
produce sulphuric acid. 

Many changes have been proposed upon the soda process. Sul¬ 
pha! c of iron, produced by the oxidation of iron-pyrites, is a cheap 
salt, and may be applied to convert chloride of sodium into sulphate 
of soda.—(1.) By igniting a mixture of these salts in a reverberatory 
furnace, when suljjhatc of soda, sesquioxidc of iron, and volatile scs- 
quichloride of iron arc produced. (ii.) By dissolving the salts 
together in water, and allowing the solution to fall to a low tempera¬ 
ture, when sulphate of soda crystallizes, and chloride of iron remains 
in solution (Mr. Phillips) ; or (3.) By coucentrating the last solution 
at the boiling-point, wdien the same decomposition occurs, anhydious 
sulphate of soda jirecipitates, and may be raked out of the liipior. 
The roasting of bisulphide of iron with common salt in a rever¬ 
beratory furnace may also be made to furnish sulphate of soda. 
Sul])hate of magnesia has been substituted for suljihate of iron, in 
these three modes of application j but the unavoidable formation of 
double salts of magnesia and soda makes the separation of the 
sulphate of soda always imperfect. It has been proposed, instead of 
fiiruaeing the sul])hate of soda, to dceom])ose it by caustic baryta, or 
by strontia, the last earth being procured by Mr. Tilghmaiin, for this 
a])plication of it, by decomposing the native sidphate of strontia from 
Bristol, by a current of steam at a red heat. Such a process should 
also furnish the sulphuric acid required to decompose chloride of 
sodium and form suljihate of soda. Chloride of sodium may also be 
decomposed by moistening and rubbing it in a mortar with 4 or 6 
times its weight of litharge, when an oxichloride of lead is formed, 
and caustic soda liberated. The decomposition of chloride of sodium 
by the carbonate of ammonia, with formation of bicarbonate of soda, 
has already been noticed (page 553). It appears, however, that the 

2 o 



562 


SODIUM. 


soda-process first described, which was invented towards the end of 
the last century by Leblanc, is still generally preferred to all others. 

^ The old sources of carbonate of soda, namely harilla, or the 
ashes of the salsola soda, which is cultivated on the coasts of the 
Mediterranean, and kelpj the ashes of sea-weeds, have ceased to be 
of importance, at least in England. Barilla contains about 18, and 
kelp about 2 per cent of alkali. 

Bimt/jihate of soda; HO.SOg + NaO.SOg; 120 nr 1500. This 
salt is obtained in large crystals on adding an equivalent of oil of 
vitriol to sulphate of soda, and evaporating the solution tiU it attains 
the degree of concentration necessary for crystallization. If half an 
equivalent only of oil of vitriol is added, a sesquisulphatc of soda 
is obtained in fine crystals, according to Mitscherlich. The ordinary 
bisulphatc of soda contains basic M^ater, but it may be rendered 
anhydrous by a degree of heat approaching to redness. The salt 
thus obtained is a true bisulphatc of soda, and gives anhydrous sul¬ 
phuric acid when distilled at a red heat. 

Nitrate of soda ; NaO.NOg j 85 or 1062.5.—This salt crystallizes 
in the rhomboidal form of calc-spar; density 2.260. It is soluble 
in twice its weight of w^ater, and has a tendency to deliquesce in 
damp air. It burns much slower with combustibles tlian nitrate of 
j)otash, and cannot therefore be substituted for that salt in the manu¬ 
facture of gunpowder. It is now generally had recourse to, as the 
source of nitric acid, and is also largely used in agriculture. Nitrate 
of soda is found abundantly in the soil of some parts of India; and 
it forms a thin but very extensive bed covered by clay at Atacama in 
Peru, from which it is exported in great (juaiitity. 

Chlorate of soda (NaO.ClOg) is formed by mixing strong solu¬ 
tions of bitartratc of soda and chlorate of potash, when tlic bitartratc 
of potash precipitates, and the clilorate of soda remains in solution. 
It crystallizes in fine tetrahedrons, and is considerably more soluble 
than chlorate of potash. 

Phosphates of soda, —There are three crystallizuble pliosphatcs 
of soda belonging to the tribasic class, Avhich I shall describe under 
their most usual names. 

Phosphate of soda; HO. 2NaO. POg-f 24110 ; 350 ryr4487.r>.— 
This is the salt known in pharmacy as pliosphate of soda, and 
formed by neutralizing phosphoric acid from burnt bones (page 440) 
with carbonate of soda. It crystallizes in oblique rhombic ])rism 3 , 
whicli arc cfflorriscent, and essentially alkaline. M. Mahiguti is, I 
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believe, mistaken in ascribing 26 equivs. of water to this salt. The 
taste of phosphate of soda is cooling and saline, and less disagree¬ 
able than sulphate of magiie.sia, for wliicli it may be substituted as 
an aperient. It dissolves in 4 times its weight of cold water, and 
fuses in its water of crystallization, when moderately heated. 
Wlicn evaporated above 90°, this salt crystallizes in another 
form with 14 instead of 24 atoms of water (Clark). It is dej)rived 
of lialf its alkali by hydrochloric acid in the cold,*but not by acetic 
acid. 

Suhphosphate of soda ; 8 Na 0 .P 05 +24HO ; 381 or 4762.5.— 
Formed when an excess of caustic soda is added to the preceding 
salt. It crystallizes in slender six-sided prisms, with flat terminations, 
which are unalterable in air; but the solution of this salt rapidly 
absorbs carbonic acid, and is deprived of one-third of its alkali by 
the weakest acids. The crystals dissolve in 5 times their weight of 
water at 60°, and undergo the watery fusion at 170°. This salt 
continues tribasic after being exposed to a red heat. 

Biphosphaie of soda.; 2 H 0 .Na 0 .P 05 -f- 2 H 0 ; 139 or 1737.5.— 
Obtained by adding tribasic phosjfliate of w'ater to phosphate of 
soda, fill the latter ceases l:o produce a precipitate with chloride of 
barium. Tlie solution affords crystals, in cold weather, of W'hich 
the ordinary form is a right rhombic prism, having its larger angle 
of 93° 54'. But this salt is dimorjflious, occurring in another right 
rhombic prism, of which the smaller angle is 78° 30', terminated by 
pyramidal planes, isomorphous with binarseniatc of soda. The bi- 
phos])hate of soda is very soluble, and has a distinctly acid reaction. 
Jiikc all the other soluble tribasic phosphates, it gives a yellow 
precipitate with nitrate of silver, which is tribasic phosphate of 
silver. 

Vhoaphute of soda and ammotiia, Microcosmic salt ; HO. 
NH^O.NaO.rOg-f 8110; 201 or 2512.5.—This salt is obtained by 
heating together 6 or 7 parts of crystallized phosphate of soda, and 
2 parts of water, till the whole is licpiid, anil then adding 1 part of 
pulverized sal-ammoniac. Chloride of sodium separates, and the 
solution, filtered and concentrated, affords the phosphate in prismatic 
crystals. It is purified by a second crystallization. This salt occurs 
in urine. It is much employed as a flux in blow-pipe experiments. 
By a slight heat it loses SHO, by a stronger heat it is deprived of 
its remaining water and ammonia, and converted into metaphosphate 
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of Soda, which is a very fusible salt. It will be observed that the 
three atoms of base in this phosphate are all different,—namely, 
water, oxide of arainoiiiiini, and soda; of which the two last belong 
to the same natural family, for bases of the same family may exist 
together in the salts of bibasic and tribasic acids, forming stable 
compounds, but not in ordinary double salts. No phosphate exists, 
corresponding with microcosmic salt, but containing potash instead 
of oxide of ammonium ; the phosphate of soda, with 14HO, has been 
mistaken for such a salt. 

Pyrophosphate of soda; 2 NaO.PO 5 + 10HO j 134 + 90, or 
1675 + 1125.—Procured by heating the phosphate of soda to red¬ 
ness, when it loses its basic water as well as its water of crystalliza¬ 
tion. The residual mass dissolved in water affords a salt, which is 
less soluble than the original phosphate, and crystallizes in prismatic 
crystals, which are permanent in air, and contain ten atoms of water. 
Its solution is essentially alkaline. This salt is precipitated white, 
by nitrate of silver. It is to be remarked that insoluble pyrophos¬ 
phates, including pyrophosphate of silver, are soluble to a considerable 
degree in the solution of pyrophosphate of soda. The })yrophos- 
phates of potash and of ammonia can exist in solution, but pass into 
tribasic salts when they crystallize. 

A hip}frophosphate of soda (lIO.NaO.PO 5 ) exists, obtained 
by the application of a graduated heat to the biphosphato of 
soda, but it does not crystallize. Its solution has an acid re¬ 
action. 

Metaphosphate of soda; NuO.POg, 103. or 1287.5.—The 
biphosphatc of soda, containing only one equivalent of fixed base, 
afford.s the metaphosphate of soda, wdien heated to redness. The 
metaphosphate of soda fuses at a heat which does not exceed low 
redness, and on cooling rapidly forms a transparent glass, whicli is 
deliquescent in damp air, and very soluble in water, but insoluble in 
alcohol: its solution has a feebly acid reaction, which can be nega¬ 
tived by the addition of 4 per cent of carbonate of soda. Wlfcii 
evaporated, this solution does not give crystals, but dries into a 
transparent pellicle, like gum, which retains at the temperature of 
the air somewhat more than a single equivalent of water. Addinl to 
neutml, and not very dilute solutions of earthy and metallic salts, 
metaphosphate of soda throw^s dowm insoluble hydrated m<daphos- 
phates, of which the physical condition is remarkable. They arc all 
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soft solids, or semifluid bodies j the metaphosphate of lime having 
the degree of fluidity of Venice turpentine. 

The bipyrophoaphate of soda appears to undergo several changes 
under the influence of heat before it becomes raetaphosphate. At a 
temperature of 500°, the salt becomes nearly anhydrous, and affords 
a solution which is neutral to test-paper, but in other respects re¬ 
sembles tile bipyrophosphate. But at temperatures which are higher, 
but insufficient for fusion, the salt being anhydrous, appears to have 
lost its solubility in water; at least it is not affected at first when 
thrown in powder into boiling water, but gradually dissolves by con¬ 
tinued digestion, and passes into the preceding variety.—(Phil. Trans. 
1833, p. 275). 

When the fused metaphosphate of soda is slowly cooled, it 
forms a crystalline mass, as observed by Pleitmann and Hcn- 
neberg, and gives a crystallizable metaphosphate of soda (page 
448). 

Ilorax, Bihorate of soda, Na 0 . 2 B 03 -}-lOHO; 1008,8-f 90 
or 1260.+ 1125.—This salt is met with in commerce in large hard 
crystals. It is found in the water of certain lakes in Trannsylvania, 
Tarliiry, China, and Thibet, and is deposited in their beds by spon¬ 
taneous evaporation. It is imported from India in a crude state, 
and enveloped in a fatty matter, under the name of Tinhaly and 
afterwards purified. But nearly the whole borax consumed in Eng¬ 
land is at pres(>nt formed by neutralizing, with carbonate of soda, the 
acid from the boracic lagoons of Tuscany. The ordinary crystals of 
borax are prisms of the obliciuc system, containing 10 atoms of w^ater, 
of density 1'692 ; but it also crystallizes at 133° in regular octohe- 
drons, which contain only 5 atoms of water. This salt has a sweetish, 
alkaline taste; for, althougli containing an excess of acid, it has an 
alkaline reaction, like the bicarbonate of soda, and is soluble in 10 
parts of cold, ^^'d 2 parts of boiling water. 

- The anhydrous salt is very fusible by heat, and forms a glass of 
density 2*367. This glass possesses the property of dissolving most 
metallic oxides, the smallest portions of which colour it. As the 
metal may often be discovered by the colour, borax is valuable as a 
flux in blow-pipe experiments. Eor this purpose a thin platinum 
wire is generally used, one end of which Fio. 1C2. 

is bent into a hook (fig. 162). The loop — ^ 

being slightly moistened, is dipped into a 

fine powder of anhydrous borax, and a minute portion of the metallic 
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oxide which we wish to determine is also taken up on tlic loop. The 
matter is tlien fused in the flame 
of a candle or sjiirit-lainp directed 
upon it by means of a mouth blow¬ 
pipe (fig. 163.) Often two dif¬ 
ferent colourations are obtained 
when the nmtal has more than one 
oxide, according as the substance 
is heated in the reducing or white 
portion of the flame, which, in the blow-pipe flame, is at b (tig. 164), 
or in the oxidating spheres a «, 
and at the point c, where there 
is an excess of atmospheric air. 

To produce the colour of the 
protoxide, we expose to the re¬ 
ducing flame; and to produce 
the colour of the peroxide, m c expose to the oxidizing flame. 

As i)ieces of metal could not be soldered together if covered by 
oxide, bomx is fused with the solder upon the surface of the metals 
to be joined, to remove the oxide. Borax is also a constituent of tlic 
soft glass, known as jewellers' paste, which is coloured to imitate 
precious stones. But the most considerable consumption of this 
salt is in the potteries, in the formation of a glaze for ])orcrlain. 

A neutnd borate of soda is formed by calcining strongly 1 etp of 
borax with 1 crp of carbonate of soda, wlien carbonic acid is expelled. 
The solution yitlds a salt belonging to the oblique prismatic system, 
of which the formula is, NaO.BOg-f 8 HO. When heated, it fuses in 
its w’ater of crystallization, and is expanded into a vesicular mass of 
extraordinary magnitude by the vaporization of that winter. 

When borax is fused wdth carbonate of soda in excess, the quantity 
of carbonic acid which escapes indicates the formation of a borate, 
3NaO -f 2 BO 3 , but which has not been farther examined. Notwith¬ 
standing this, a solution of borax in water is decomposed, and tlic 
boracic acid entirely libcratetl, by a stream of either carbonic or hydro- 
sulphuric acid. Silicic acid, however, in its soluble modification, 
has no dccontposing action upon a solution of borax. Boracic acid, 
therefore, appears to stand in the scale of acids above silicic, but 
below carbonic acid. A saturated solution of borax readily dissolves 
a large amount of arsenious acid, forming a compound remarkable 
for its great solubility in water. This contains, according to Brof. 
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E. Schweitzer, arsenite of soda, borate of soda, and a compound 
of arsenious and boracic acids, and is probably represented by the 
formula— 

NaO. As (>3 + 2 (Na 0 . 2 B 03 ) 4- ailiOg.aAsOg) + lOHO. 

A salt is said to exist, formed of Na0 + 4 B 03 , but to crystallize 
with diffieulty, produced on combining borax with a quantity of boracic 
acid equal, to what it already contains. M. Laurent has also shewn 
that a sexborate of soda exists in solution, but is not crystallizable.* 
The borates of potash have also been examined by Laurent. The 
sexborate crystallizes well; its formula is KO. 6 BO 3 + IOHO. A 
triboratc is represented by KO. 6 BO 3 + 8 HO; the biborate corre¬ 
sponds in composition with octohcdral borax, but has, notwithstand¬ 
ing, a different and incompatible form. 

A simple and very accurate method of analyzing borax is, to add 
an excess of hydrochloric acid to a solution of the salt, and evaporate 
to dryness on the water-bath, adding a few more drops of hydrochloric 
acid towards the end of the operation. The mass, when perfectly 
dry, is re-dissolved in water, a little nitric acid mixed with tlie solu¬ 
tion, and the chlorine precipitated by nitrate of silver; from the 
amount of chloride of silver that of the clilorine is deduced, and from 
the latter the quantity of soda. The alkaline bases of all the other 
borates may be obtained wholly as chloride by a similar treatment, 
(Schweitzer, Chem. Gaz. 1850, p. 281.) 

Siilicaies of mda .—The earth silica, or silicic acid, SiOy (page 
302), is dissolved by caustic soda, and gives, by slow evaporation, a 
crystallized silicate of soda, 3 Na 0 . 2 Si 03 (Fritzsche). A concentrated 
solution of caustic soda at a high temperature under pressure dis¬ 
solves silica freely even in the form of flint or of quartzy sand, and 
gives a similar silicate, which is used by Mr. Bausoinc of Ipswich 
for the induration of plaster and cements, and the formation of arti¬ 
ficial stone. 

When silicic acid is thrown into carbonate of potash or soda, in a 
state of fusion by heat, a fusible silicate is formed, in which, judging 
from the quantity of carbonic acid expelled, 3 eq. of soda arc also 
combined with 2 eq. of silicic acid, and the oxygen in the soda is to 
that in the silicic acid as 1 to 2. This silicate dissolves in the clear 
and liquid carbonate. When, on the other hand, a greater propor- 


* Alin, lie Ch. ct de Ph. Ixvii., 218. 
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tion of silicic acid is fused with the carbonate, the whole carbonic acid 
of the latter is expelled, and the excess of silicic acid then dissolves 
in the silicate. The silicic acid and silicate of such mixtures do not 
separate by crystallization, but uniformly solidify together, on cool¬ 
ing, as a homogeneous glass, whatever their proportions may be. It 
is thus impossible to obtain alkaline silicates, wdiich are certainly 
definite combinations, in the dry way. A mixture of silicie'acid with 
potash or soda, in which the oxygen of the former is to that of the 
latter as 18 to 1, is said still to be fusible by the heat of a forgo; 
but when the proportion is as 80 to 1, the mixture merely aggluti¬ 
nates, or frits. These combinations, even with a large quantity of 
silicic acid, continue to be soluble in water. 

A compound, known as mluhla is obtained by fusing 

together 8 parts of carbonate of, soda (or 10 of carbonate of potaslj) 
with 15 of fine sand and 1 of charcoal. The object of the charcoal 
is to facilitate the combination of the silicic acid with the alkali, by 
destroying the carbonic acid, which it converts into carbonic oxiile. 
This glass, when reduced to powder, is not attacked by cold water, 
but is dissolved by 4 or 5 parts of boiling water. The solution may 
be applied to objects of wood, and, when dried by a gentle heat, 
forms a varnish, which imbibes a little moisture from the air, but is 
not decomposed by carbonic acid, lior otherwise alterable by exposure. 
Stuffs impregnated with the solution lose mucli of their combusti¬ 
bility, and wood is also defended by it, to a certain degree, from 
combustion. 


GLASS. 

The alkaline silicates, cooled quickly or slowly, never exhibit a 
crystalline structure, but arc nnironnly vitreous (p. 178). They 
are the bases of the ordinary varieties of gla.ss, which contain earthy 
silicates besides, but appear to owe the vitreous character to the 
silicates of potash and soda. The silicate of lime, and the silicate of 
the protoxide of iron, crystallize on coohiig ; so docs the silicate of 
lead, unless it contains a large excess of oxide of lead. The addition 
. of the silicate of potash or soda deprives them entirely of this pro¬ 
perty; the silicate of alumina considerably diminishes it. But if 
silicates of potash or soda arc heated for a long time, the alkali may 
in part escape in vapour, and if other bases exist in the compound, 
it then often assumes a crystalline structure on cooling. The alkaline 
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fiilicates*l3y tliemselves are soluble in water, and decomposed by 
acids; the silicate of lime is also dissolved by acids, but the double 
silicates, on the contrary, resist the action of acids, particularly when 
they contain an excess of silicic acid, and form an available glass. The 
following table exhibits the composition of the best known kinds of 
glass, from the analyses of Dumas and of Paraday ;— 


COMPOSITION OF VARIETIES OF GLASS. 



Silicic 

acid. 

Potash. 

Lime. 

Ox. lead. 

Alumina. 

Water. 

l^uliemian glass 

69 

12 

9 

0 

10 

0 

Crown-glass . 

63 

22 

12 

0 

3 

0 

Window-glass . 

69 

11 soda 

13 

0 

7 

0 

Hottlc-glass 

64 

5 

29 

6 ox. iron 

0 

0 

Flint-glass . . 

45 

12 

0 

43 

0 

0 

Crystal . . 

01 

6 

0 

33 

0 

0 

Strass . 

38 

8 

0 

53 

1 

0 

Soluble glass . 

62 

26 

0 

0 

0 

12 


The analysis, by Mr. T. Eowney, of the superior Bohcmiau glass, 
which, on account of its difficult fusibility, is employed for com¬ 
bustion-tubes, gave silicic acid 73.13, potash 11.49, soda 3.07, lime 
10.43, alumina 0.30, sesquioxide of iron 0.13, magnesia 0.26, 
protoxide of manganese 0.46 = 99.27. The oxygen of the bases is 
to that of the silicic acid as 1 to 6. The specimen was decomposed 
by fusion with carbonate of soda, for the earths, and by fusion with 
hydrate of baryta for Ihe alkalies (Mem. Chem. Soc. hi. 299.) 

Silicate of soda and lime .—To form window-glass, 100 parts of 
a quartzy sand are taken, with 35 to 40 parts of chalk, 30 to 35 
parts of carbonate of soda, and 180 parts of broken glass. These 
materials are first fritted, or heated so as to cause the expulsion of 
water and carbonic acid, and to produce an agglutination of their 
particles, and afterwards, completely fused in a large clay crucible of 
a peculiar construction j or fused at once, the fritting being now 
generally discontinued. Por the first formation of the glass a higher 
temperature is required than that at which it is most thick and 
viscid, and in the proper condition for working it. At the latter tem¬ 
perature the substance possesses an extraordinary degree of ductility, 
and may be drawn out into threads so fine as to be scarcely visible 
to the eye. A portion of the plastic mass, on the extremity of an 
iron tube used as a blow-pipe, may bo expanded into a globular 
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flask, and pressed or bent into vessels of any form, whiclt may be 
pared and fashioned by the scissors. At a lower temperature, glass 
vessels become rigid, and, when cold, brittle in llie extreme, \inless 
they be annealed, that is, kept for several hours at a temperature 
progressively lowered from the highest degree which the glass can 
bear without softening to the temperature of the atmosplicre. The 
well-known glass tears, or Prince Rupert’s drops, as they fc'e called, 
which are made by allowing drops of melted glass to fall into w atcr, 
illustrate the peculiar properties of unannealed glass. The surface 
becoming solid by the sudden cooling, while the interior is still at a 
higli temperature, and consequently dilated, the drop is of greater 
volume than it would be if cooled slowly and equally throughout its 
mass. Its particles are thus in a state of extreme tension, and an 
injury to any part causes the whole mass to fly to pieces. The 
fracture of unannealed vessels, which is the immediate consequence 
of scratching their surface, has been compared to the eflect upon a 
sheet of cloth forcibly stretched, of injuring its edge in the smallest 
degree by a knife or scissors. It then ceases to ))rcserve its integrity 
by resisting ilie tension, and is torn across. The relative proportions 
of the ingredients of this and other species of glass is subject to 
some variation. But the oxygen in the bases of window-glass is to the 
oxygen of the silicic acid nearly as 1 to 4 ; the comj)osition a[)j)Toacli- 
ing the formula flNaO.SCaO + SSiO^. This gla.ss has a green tint, 
which is very obvious in a considerable mass of it, occasioned in ])art, 
it may be, by the impurities of the materials, but a certain degree of 
which appears to be essential to a soda-glass. Por in all the liner 
and entirely colourless varietic^s of glass it is necessary to use potash. 

Silicates of potash and lime. —Plate-glass used for mirrors, 
crown-gkss, and the beautiful Bohemian glass, are of this compo¬ 
sition. In the most remarkable varieties the oxygen of tlic l>a.ses is 
to that of the acid as 1 to C, and the oxygen of tlie lime to that of 
tlie potash in proportions which vary from 1 and to I and 1. Its 
composition approaches the formula KO.CaO + 4810,. This is tlie 
glass of most difficult fusibility, and therefore most suitable for the 
combustion-tubes employed in organic analysis. Prom its purity, 
and the absence of oxide of lead, it is also made the basis of most 
coloured glasses, and of stained glass. To ])roduce coloured glfisse.s 
certain metallic oxides are mixed with the fused glass in the pot; 
oxide of cobalt, for instance, for a blue colour, oxide of copper for 
green, binoxidc of manganese in small proportion for an amethystine 
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glass, and in large proportion for a black glass, peroxide of nranium 
for a delicate leraon-yellow tint, and gold for a ruby glass. In 
stained glass, on the other hand, the metal or metallic oxide is merely 
applied with a proper flux to the surface of the glass, which is then 
exposed in an oven to a temperature sufi&cient to fuse the colouring 
matter, without distorting the sheet of glass. Different shades of 
yellow dlld orange are thus produced by means of silver and anti¬ 
mony, and a superb ruby-red by a proper, but difficult, application 
of suboxide of copper. The beautiful avanturine glass contains 
crystals of metallic copper. The green shade of ordinary glass is 
chiefly due to protoxide of iron, and is corrected by a email addition 
of binoxidc of manganese (hence called pyroluntc^, which raises 
the iron to the stale of sesquioxide, in which it is not injurious, 
while, at the same time, the binoxide of manganese, by losing oxygen, 
passes into the state of the colourless protoxide of that metal. 

Silicates o f potash and lead .—These substances enter into the 
composition of the purer and more brilliant species of glass in use in 
tliis country; such as that called crystal, of wliich most drinking 
vessels are made, flint-glass for optical purposes, and sirass, which is 
employed in imitations of the precious stones. Tor crystal, the ma¬ 
terials are taken in the following proportions : 120 parts of fine sand, 
about 40 of purified potaslies, 35 of litliarge or minium, and 12 of 
nitre. In this glass the oxygen of the bases is to that of the silicic acid 
as 1 to a number wliich may vary from 7 to 9, and the oxygen of the 
potash is to that of the oxide of lead as 1 to a number varying from 
1 to 2.5. In flint-glass, and in strass, the oxygen of the bases is to 
that of the silicic acid as 1 to 4, and the oxygen of the potash is to that 
of the oxide i)f lead as 2 to 3 in flint-glass, and as 1 to 3 in strass, 
(Dumas). The more oxide of lead glass contains, the higher its 
density; the density of this kind of glass exceeding 3.6, wdiile that 
of tlic Dohemian glass does not rise higlier than 2.4. Glass con¬ 
taining oxide of lead is recommended by its greater fusibility and 
softness, by which it is more easily fashioned into various forms, and 
by its great brilliancy, which is remarkable in lustres and other 
objects of cut glass. The presence of lead in glass is at once dis¬ 
covered by its surface acquiring a metallic lustre when heated to 
redness in the reducing flame. Enamel is a white and very fusible 
glass, containing a white opaque substance suspended in its mass. 
It is generally prepared from the stannatc of lead, formed by heat¬ 
ing and oxidizing together 15 parts of tin and 100 of lead. This is 
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afterwards fused with 50 parts of sand and 40 parts of carbonate of 
potash. Besides biiioxide of tin, arsenious acid, oxide of antimony, 
phosphate of lime, and sulphate of potash, are employed to give 
opacity to enamel. 

Silicates of alumina, of the oxides of iron, magnesia, and 2 >otash 
or soda .—Green or bottle-glass, of which wine-bottles, carboys, and 
glass articles of low price consist, is a mixture of these silicates. It 
is formed of the cheapest materials, such os sand, with soap-makers* 
waste, lime that has been used to render alkali caustic, &c. In the 
bottle-glass of this country the small quantity of alkali is chiefly soda. 
The alkaline sulphates, when fused with silicic acid and carbonaceous 
matter, lose their sulphuric acid, and become silicates; even common 
salt is decomposed by the united action of silicic acid and the acjucous 
vapour in flame, but much of it is lost from its own volatility. Tlic 
proportion of silicic acid to the bases is much less in this than in the 
other kinds of glass, the oxygen of the former being to the latter as 
2 to 1; and the oxygen of the alumina and scs(iuioxide of iron equal 
to that of the potash and lime. This glass is, in fact, a mixture of 
neutral and subsilicales, and, when it contains an excess of lime, is 
more apt than any of the preceding species to assume a crystalline 
structure when maintained long in a soft condition by heat. 

A bottle of green glass may be devitrilled, or converted into what 
is called Keaumur*s porcelain, by enveloping it in sand, and ))lacing 
it where its temperature is kept high for several weeks, as in a brick¬ 
kiln or porcelain-furnace. Glass of all kinds, when strongly and 
repeatedly heated, loses alkali, from its volatility j the glass then 
becomes harder and less fusible, and is not so easily wrought,—a 
circumstance which may sometimes be remarked in blowing a bulb 
upon a tube which has been too longexposed to the blow-pipe flame. 
Glass of all kinds, when well manufactured, is supposed to he in¬ 
soluble in water, but it is eventually acted upon, ami soonest when 
its natural surface is broken ; water tending to resolve glass into a 
soluble alkaline silicate and an insoluble earthy silicate. Glass 
bottles containing a large proportion of lime may be corroded tlirough 
by sulphuric acid. An excess of alumina also makes glass very 
easily attacked by acids, even by the bitartratc of potash in wines. 
In common with all natural and artificial silicates, glass is attacked 
by hyilrofluoric acid, with the formation of the volatile fluoride of 
silicon. (Sec the Treatise on Glass, in Kiiapp*s Chemical Tech¬ 
nology, edited by Ilonalds and Richardson, vol. ii.) 
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Ultramarine .—This beautiful blue pigment is extracted by me¬ 
chanical operations from the mineral Lapis lazuli. The structure 
of the mineral is granular and slightly laminated : its constituents 
are, silicic acid 45.40, alumina 31.67, soda 9.09, sulphuric acid 5.89, 
sulphur 0.95, lime 3.52, iron 0.86, chlorine 0.42, water 0.12 = 
97.92. It was first imitated successfully by M. Guimet in 1827. 
The process, according to M. Debette, appears to be first the pre¬ 
paration of a polysulphidc of sodium, which is afterwards calcined 
with prepared clay and protosulphato of iron, so as to form sulphide 
of iron. ' The last product in fine powder is heated in a muffle 
with exposure to air for several hours, when it becomes in succession 
brown, red, green, and blue. The excess of sulphide of sodium and 
other salts is washed out of the powder, which, dried and washed 
again at a moderate temperature, gives an ultramarine of a magnifi¬ 
cent blue tint. The process is an extremely deUcate one, and the 
. nature of the substance which gives the blue colour is very obscure. 
A sulphide of sodium is supposed to be essential to its composition, 
as the colour is destroyed by acids, ivitli evolution of the hydro- 
sul])liui‘ic acid; while the substitution of carbonate of potash for 
carbonate of soda gives a coin])ound corresponding to ultramarine, 
but which is colourless. (Pelou/c et JFremy, Cours de Chim. Gener. 
ii. 117.) 


SECTION TIT. 

LITHIUM. 

Eq. G.13 or 80.37; Li. 

Lithium is the metallic basis of a rare alkaline oxide, lithia, dis¬ 
covered in 1818 by Arfwcdson.* The name lithia (from \ideioc, 
stony) was :ipplicd to it, from its having been first derived from an 
earthy mineral. The metal was obtained by Davy by the voltaic de¬ 
composition of lithia, and observed to be white, resembling sodium, 
and to be highly oxidablc. The equivalent of lithium is much 
smaller than that of any other metal, and its oxide has therefore a 
high saturating power. 

Lithia; LiO.—^Thc only known oxide of lithium is a protoxide. 


* Aun. de Ch. nt du Ph. x. 82. 
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It exists in small quantities in the minerals spodiimene or trij)Iianc, 
petalite, and lepidolite j but the mineral containing lithia; which is 
most abundant, is a native phosphate occurring at Eabeiistein in 
Bavaria, and wliich consists of phosphoric acid 4^,64, oxide of iron 
49.16, oxide of manganese 4*75, and lithia 3.45. This mineral is 
dissolved in hydrochloric acid, the iron peroxidized by a little nitric 
acid, the solution diluted with water, and then ainraoufa added, 
which precipitates the insoluble phosphate of sesquioxide of iron. 
The manganese is afterwards removed by liydrosulpburic acid, the 
liquid filtered, evaporated to dryness, and the residue calcined to 
volatilize the ammoniacal salts; the chloride of litliium is then taken 
up by alcohol. 

The hydrate of lithia resembles hydrate of i)otasli in causticity, 
but is less soluble in w*ater, and loses its combined water at an ele¬ 
vated temperature. Sulphur acts upon it in the same manner as 

upon potash. Its salts are colourless, 

Tlie chloride is very soluble, in water, as well as in absolute al¬ 
cohol, and fuses at a high temp:-ratui'e. It crystallizes in cubes 

containing 4HO. 

The carbonate of lithia has a certain degree of solubility, and its 
solution has an alkaline reaction, properties upon which the claim of 
lithia to be ranked among the alkalies, instead of the alkaline 
earths, is chielly rested. The fluoride of lithium has the sparing 
solubility of the carbonate. 

The sulphate of lithia is soluble, and presents itself in fine crystals, 
which are persistent in air. It forms a double salt with sul[)]iate of 
soda, of w'hich the formula is LiO-SOg + NaO-SOa + CHO. The 
nitrate and acetate are both very soluble and deli( pies cent. 

The neutral phosphate of lithia is slightly soluble in water, but 
considerably more so than the double phosphate of lithia and soda, 
which remains as an insoluble powder when the solution of lithia is 
evaporated to dryness with that of phosphate of soda. Hence phos¬ 
phate of soda is used as a test of lithia. 1 he salts of lithia arc 
also recognised, when heated on platinum wire before the blow-pipe, 
by tinging the flame of a red colour. 
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METALLIC BASES OP THE ALKALINE EABTHS. 

SECTION I. 

BARIUM. 

Eqi. 68.64 or 858; Ba. 

Barium, the metallic basis of the earth baryta, was obtained by 
Davy in 1808, by the voltaic decomposition of moistened carbonate 
of baryta in contact with mercury : it may likewise be procured by 
passing potassium in vapour over baryta heated to redness in an iron 
tube, and afterwards wutlidrawijig the reduced barium, wdiich tlie 
residue contains, by means of mercury. The latter metal is sepa¬ 
rated by distillation in a glass retort, care being taken not to raise 
tlic temperature to redness, for the barium then decomposes glass. 
Baiium is a white metal like silver, fusible under a red heat, denser 
than oil of vitriol, in which it sinks. It oxidates with vivacity in 
water, disengages hydrogen, and is converted into baryta. It is 
nauied barium ^from j3ap6c, heavy), in allusion to tlie great density 
of its compounds. 

Baryta; BaO, 76.64 or 958.—This earth exists in several 
minerals, of which the most abundant are sulphate of baryta or heavy- 
spar, and the carbonate of baryta or witherite. The earth is obtained 
in tlie anhydrous condition and pure, by calcining nitrate of baryta, 
at a bright-red heat, in a porcelain retort, or in a well-covered cruci¬ 
ble of porcelain or silver, but not of platinum. Baryta is a grey 
powder, of Avhich the density is about 4. When lieated to redness 
in a porcelain tube, and oxygen gas jjassed over it, it absorbs that 
gas w ith avidity, and becomes binoxide of barium, the compound for 
the prcjiaration of which anhydrous baryta is chiefly required. 
Baryta slakes .and falls to powder wdien water is thrown upon it, 
combining with one equivalent of water witli the evolution of so 
much heat as to become incandescent. 

Hydrate of baryta is a valuable reagent. Of the different processes 
for tliis substance, one of the most convenient is that from the native 



576 


BAHIUM. 


sulphate. This is a soft mineral^ and easily reduced to an impalpa¬ 
ble powder, wliich is intimately mixed with onc-eiglilh of its w eight of 
coal pounded and sifted, or with oiic-third charcoal-powder and oiic- 
fourtli resin j the mixture is introduced into a Cornish crucible, and 
exposed in% furnace to a bright-red heat for an hour. The sulphate 
is converted by this treatment into sulphide of barium ; the last salt 
is dissolved out of the black residuary mass by boiling Ti tter, and 
the solution, which generally has a yellow tint but is sometimes 
colourless, is filtered while still hot. The solution, if strong, may 
crystallize on cooling, in thin plates. As the sulphide absorbs oxy¬ 
gen from the air, and returjis to the state of sulphate of baryta, it 
must not be exposed long in open vessels. To a boiling solution 
of sulpliide of barium in a flask, black oxide of copper from the 
nitrate is added, in successive small portions, till a drop of the li([uid 
ceases to blacken a solutioii of lead, and precipitates it entirely wliitc : 
the liquid then contains only hydrate of baryta in solution. It may 
immediately be filtered, with little access of air, to prevent absorp¬ 
tion of carbonic acid. The decomposition in this process, for which 
we are indebted to Dr. Mohr of Coblentz, is rather complicated. 
Six eq. of sulpliide of barium and 8 eq. of oxide of copper producing 
5 eq. of baryta, 1 eq. of hyposulphite of baryta, and 4 eq. of sub- 
sulpliide of copper, of wdiich the first only is soluble: 

6BaS and 8CuO=5BaO and BaO.SaOaand 4CU2S. 

Binoxide of manganese may be substituted in this process for oxide 
of copper, but generally gives a solution of baryta coloured by some 
impurity. The reaction is theu similar: 

6BaS and 4Mn02=5Ba0 and BaO.S202 and 4MnS. 

If the solution of sulphide of barium has been concentrated, the 
greater part of the hydrate of baryta separates on cooling in volumi¬ 
nous and transparent crystals, containing lOlIO. 

Hydrate of baryta may also be obtained by adding caustic poisish 
to a saturated solution of chloride of barium; hydrate of baryta 
precipitates, and must bp redissolved in boiling water, and crystallized 
by cooling, to purify it. It is soluble in 3 jiarts of boiling water, and 
in 20 parts of water at 60°. Baryta retains 1 eq. of water with 
great force like the fixed alkalies. This combination is fusible a 
little below redness, and runs like an oil; it congeals into a crystal¬ 
line mass, which attracts carbonic acid very slowly from air, and is 
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therefore tlie most favourable condition in wliicli to preserve hydrate 
ol' baryta. 

The solution of baryta is strongly caustic, although less so than 
jjotash or soda, and disorganizes organic matters rapidly ; it is poison¬ 
ous, in corninon m ith all the soluble preparatious of barium. Chlorine 
dceoinjioses baryta in the same maimer as it does the alkalies. 
Sulphur ilKlissolved in the solution qf baryta with the aid of heat, 
and, according to the tcmjierature, a sulphate or hyposulphite is 
formetl, with the trisulphide of barium of a green colour. When 
heated to redness in the vapour of jihosphorus, baryta is converted 
into phosphate of baryta and phosphide of barium. On dropping 
oil of vitriol upon dry baryta and strontia, the combination is 
said to produce light with tlie first, but not wnth the second. 
Baryta, whether free or in combination with an acid as a soluble 
salt, is discovered by means of sulphuric acid, wdiich throw^s down 
sulphate of baryta, a compound not decomposed by, nor soluble in, 
nitric and hydrochloric acids. 

Tiinoxidti of harium i BaOgj 81.G4 or 1058.—This compound 
is prepared by exposing anhydrous baryta, from the nitrate, to pure 
oxygen at a red heat; or by heating pure baryta to low redness in a 
porcelain-crucible, and then gradually adding chlorate of potash, in 
the proportion of about 1 part of the latter to 4 of the former. The 
chloride of potassium formed at the same time, is removed, by cold 
water, from the hinoxide of barium, while the latter unites with OllO. 
Binoxide of barium, when decomposed by dilute acids with proper 
precautions, alTords binoxide of hydrogen. 

Chloride of barium ; BaCl+2HO; 104.11-f IS or 1301.76 + 
—A reagent of constant use, which is obtained by dissolving 
native carbonate of baryta in ])urc hydrochloric acid diluted with 
3 or 4 times its bulk of water, or by neutralizing sulphide of barium 
by the same acid. It crystiJlizes from a concentrated solution in 
Hat four-sided tables, bevelled at the edges. The crystals contain 
2110, (14.75 per cent of water), which they lose below 212°. They 
are said to be soluble in 400 parts of anhydrous alcohol: 100 parts 
of water dissolve 43.5 parts at 60°, and 78 parts at 222°, which is 
the boiliug-])oiut of the solution. 

Carbonate of baryta ; BaO.COg ; 98.G |. or 1233.01.—This salt 
consists in 100 parts of 22.41 carbonic acid, and 77.59 baryta: The 
density of the native carbonate is 4,331; it is not attacked by sul¬ 
phuric acid, and retains its carbonic acid at the highest tempera- 

2 p 
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tures. The precipitated carbonate is decomposed by sulphuric acid, 
and loses its carbonic acid when calcined at a white heat, in contact 
with carbonaceous matter. It is obtained of greater purity wdien 
precipitated by the carbonate of ammonia, than by the carbonate of 
potash or soda, portions of wliicli arc apt to go down in comhiuation 
with carbonate of baryta. Although reputed an insoluble salt, car¬ 
bonate of baryta is soluble in 2300 parts of boiling w tSi'or, and in 
4300 parts of cold water. It is still more soluble in water contain¬ 
ing carbonic acid, and is highly poisonous. The precipitated car¬ 
bonate of baryta, or, better, the hydrate of baryta, is employed in 
the analysis of siliceous minerals, containing an alkali, which are not 
soluble in an acid. The mineral, in the state of an impalpable 
|K)wder, is intimately mixed with 4 or 5 times its weight of the 
hydrate, and exposed in a silver-crucible to a red heat, which occa¬ 
sions a semi-fusion of the mixture and the decomposition of the 
silicates; the mineral afterwards dissolving entirely in an acid, with 
the exception of its silica. 

oj'hari/ta ; BaO.SO^ ; 116.G4 or 14.'38.01.—This salt 
consists, in 100 parts, of 34.37 suljdinric acid and G.5.03 baryta. 
The density of heavy-spar, or the native sulphate, varies from 4 to 
4.47. It occurs in considerable quantities in trap and other ig¬ 
neous rocks, forming often veins of several feet in thickness, and 
miles in extent. It is mined for the purpose of being substituted 
for carbonate of lead, or being mixed with that substance, when 
used as a pigment. 4Vhen chloride of barium is added to sulphuric 
acid, or to a soluble sulphate, at the boiling temperature, sidphatc 
of baryta precipitates readily, in a dense crystalline powder, which 
may easily be collected and washed on a lilter. It is completely in¬ 
soluble in water and dilute acids, but is soluble in concentrated 
and boiling sulphuric acid, from which it crystalli'/cs on cooling. 
Precipitated sulphate of baryta is partially decomposed in a con¬ 
centrated and boiling solution of carbonate of potash or soda, and 
carbonate of baryta formed. 

Nitrate of baryta ; BaO.NOg ; 130.64 or 1633.01.—This salt 
crystallizes in fine transparent octobedrons, which arc anhydrous. It 
is obtained by dissolving carbonate of baryta in nitric acid diluted 
with 8 or 10 times its weight of water; or by mixing the acid, also 
in a diluted state, with the solution of sulphide of barium. It re¬ 
quires 12 jiarts of water at 00°, and 3 or 4 parts of boiling water, 
for solution; it is insoluble in alcohol. The nitrate of baryta is 
employed as a reagent, and also in procuring anhydrous baryta. 
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The chlorate and hyposulphate of baryta are soluble, the iodate, 
sulphite, hyposulphite anJ phosphates of baryta, insoluble salts. 


SECTION IT. 

STRONTIUM. 

Eq. 43.84 or 548.02. Sr. 

Strontium is prepared in the same way as barium, which it greatly 
resembles. It is a white metal, denser than oil of vitriol. It 
derives its name from Strontian, a mining village in Argyleshire. 

^ Strontia, fitrontia)?tQX Stroiifites ; Sr O ; 31.84 or C48.02.— 
The native carbonate of strontia was first distinguished from carbo¬ 
nate of baryta by Dr. Crawford, in 1790, who conceived the idea 
that the former mineral might contain a new earth. This conjecture 
was verified in 1793, by Dr. Hopc;^' and much about the same 
time also by Klaproth. The eartli, strontia, is to baryta what soda 
is to potash. It occurs in nature as carbonate and more abundantly 
as sulphate. Strontia may be prepared by a strong calcination of 
the native carbonate in contact with carbon. It is lighter than 
baryta, and has a taste which is less acrid and caustic, but stronger 
than that of lime. It is said not to be poisonous. The hydrate 
crystallizes with 9HO, but retains only one equivalent at 212° (Mr. 
Smith). This last hydrate enters into fusion at a very high tempera¬ 
ture, without losing its combined water. The anhydrous earth, like 
baryta, is infusible. The crystallized hydrate requires 52 parts of 
water to dissolve it at 60°, but only twice its weight at 212°. 

The soluble salts of strontia are prepared from the carbonate. 
Tlicy are ])recipitated by sulphuric acid and by soluble sulphates, but 
not so completely as the salts of baryta, the sulphate of strontia 
having a small degree of solubility. Hence, when sulphate of soda 
is added in excess to a salt of strontia, and the precipitate separated 
by filtration, so much sulphate of strontia remains in solution, that the 
liquid yields a white precipitate with carbonate of soda (Dr. Turner). 
Most of the salts of strontia, when heated on platinum-wire before 
the blow-pipe, communicate a red colour to the flame. Baryta and 


* Edinburgh Transactions, It. 14. 
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strontia in solntion may be soparatcd by hydrofliiosilicic acid, which 
precipitates baryta, but forms with strontia a salt very soluble in a 
slight excess of acid. Hyposulphite of strontia being solublci, w!\ile 
hyposulphite of baryta is insoluble, these earths may also be dislin- 
guished by means of hyi)osnlphite of soda, 

Bino^ride of fttrootium, obtained by Thenard in V)rilliant crys¬ 
talline scales, on adding binoxidc of hydrogen to a Solution of 
strontia. It contains two cq. of oxygen. 

Chloride of atroittiuni crystallizes in slender prisms, which 
contain 9110, and are slightly deliquescent. This salt is sobd)l(! in 
three-fourths of its weight of cold water, and in all proportions in 
boiling water. At the ordinary temperature, it dissolves in 2't parts 
of anhydrous alcohol, and in 19 parts of alcohol bt)iling. In this 
respect it diflers from chloride of barium, which is insolubh; in 
alcohol. Cbloiidc of strontium communicates to llame a thu! red 
tint. In the anhydrous condition this chloride absorbs 4 eq. of 
ammonia, and becomes a white bulky power. 

(Jarhonafe tf s/roff/itt forms the mineral fdrouliauitCy which 
generally has a fibrous texture, and is sometiuu's transparent and 
colourless, but generally has a titigo of yellow or gro<m. Its density 
varies from 3.4 to 3.726. 'I'liis salt is said to be soluble in l.53<> 
parts of boiling w'ater. It is more soluble in water containing car- 
bojiic acid, and occurs in stmie miiiend waters. It rt;t:iins its 
carbonic acid when calcined. 

Bdlphate <f sfronfin is known as cclextine, and occurs in regular 
crystals of the same form as stdpbatc of baryta. Its d(a\sity is about 
3 .!s 9. It is soluble in from 3009 to tOoO parts of water, and tin* 
s(»lution is sensibly preeipitated by eldoridc of barium. The mineral is 
found iu considerable (piantity associated with volc.anic sulphur, and 
in other formations. A large de))osit of it exists in the maghbour- 
hood of IJristol, from which it may be obtained in snflicient rpiajitily 
for any application in the arts. 3’he various compounds of .strontium 
may be prepared from the sulphate of strontia precisely in the same 
manner a.s those of barium from the suljdiute of baryta. 

H!/p(».snljihite <f atrontia 'i^ crystallizahle, and soluble in 4 j)arts 
of cold, and Imparts of boiling water. It loses 31 per ctad. of 
water of crystallization between 122° and 140°, without any other 
change. 

Nitrate of ntrontia crystallizes at a high tempera'urc^ iu regular 
octohcdroiis, of density 2.867, which are ardiydrous, l)ut it is gene- 
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rally obtained at a low temperature in crystals, which contain fiHO, 
of density 2.113 (Filliol). The anhydrous salt dissolves in 5 parts 
of cold water, and in 1 pai't of boiling water. A deflagrating mix¬ 
ture, which produces an intensely red illumination, is formed of 40 
parts of nitrate of strontia, 18 parts of flowers of sulphur, 5 parts 
of clilorate of ])otash, and 4 parts of sulphide of antimony. 

The salts of baryta, strontia, and protoxide of lead, are strictly 
isomorplious, and greatly resemble each other in solubility and other 
proj)erties. Ilydrofluosilicic acid is employed to separate baryta from 
strontia, as it precipitates the former but not the latter. Neutral 
cliromatc of potash, which precipitates salts of baryta immediately, 
precipitates only slowly the salts of strontia. In analysis, strontia is 
generally estimated as suljihatc, but as the latter is not completely 
insoluble, an addition of alcohol is made to the water employed to 
wash the precipitate. 


SECTION III. 

CALCIUM. 

Eq. 20, or 250; Ca. 

Davy obtained evidence of the existence of this metal, and of its 
analogy to the preceding metals. It is the basis of lime. The name 
aj)j)licd to it is derived from calx. 

Limt'; CaO; 28, o/’350.—Uncombined lime, or quicklime, as 
it is termed in the arts, is obtained by licating masses of limestone 
(carbonate of lime) to redness in an open fire, or lime-kiln. The 
escape of the carbonic acid is favoured by the presence of aqueous 
vapour and the gases of the fire, into which that gas can diffuse 
(page 225). In a covered crucible, carbonate of lime may be fused 
by heat without decomposition. The lime, properly burnt, remains 
in porous masses, which may bo easily separated from the ashes of 
the fuel, and are sufficiently hard to be transported from place to 
l)lace without falling to pieces. Although these masses appear 
light, the density of lime is not less than 2.3, or even 3.08, ac¬ 
cording to Koyer and Dumas. Water thrown upon them, is first 
imbibed, and afterwards combines with the lime, which falls to 
powder in tlie state of hydrate, and is then said to be slaked. In this 
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combination the temperature may rise to 572°, (300° C.)» or suffi¬ 
ciently high to char wood. From its affinity for water, quick¬ 
lime is applied to deprive certain liquids, such as alcohol, of the 
water they contain. To obtain pure lime, the crystallized carbonate 
should be calcined, such as calcareous spar, or Carrara marble. 
Lime, in common with other infusible earths, phosphoresces strongly 
when heated to full redness. * ’ 

The only hydrate of lime known contains 1 eq. of water, which it 
loses at a low-red heat. It is sparingly soluble in water, but more 
soluble in cold than in hot water. According to Dalton, lime-water 
formed at 60°, 130°, and 212°, contains 1 grain of lime in 778, 
972, and 1270 grains of water. Hence water saturated in the cold 
deposits hydrate of lime \rhen boiled. By evaporating the solution 
in vacuo, Gay-Lussac obtained the same hydrate of lime in small 
transparent crystals of the hcxahedral form. The milk or cream of 
lime is merely the hydrate diffused tlirough water. In preparing 
lime-water, 3 or 4 ounces of slaked lime are agitated several times, 
during two or three hours, with two quarts of distilled water, and then 
allowed to settle. The lime-water first drawn off generally contains 
a little potash, and should not therefore be considered pure. Lime- 
water has a harsh acrid taste, is alkaline, and, to a certain extent, 
caustic. It precipitates carbonic, silicic, boracic, and phosphoric 
acids from solutions of their akalinc salts. It dissolves oxide of lead. 
Lime-water absorbs carbonic acid rapidly from the air, and becomes 
covered by a pellicle of carbonate of lime. Hydrate of lime has the 
same property, absorbing about half an cquivale?it of carbonic acid 
with avidity, but not acquiring quite so much as three-fourths of an 
equivalent by two or three weeks' exposure to an atmosphere of the 
gas. Fuchs observed, that when hydrate of lime is exposed to air, 
it absorbs only half an equivahmt of carbonic acid, and that a definite 
compound of hydrate and carbonate was formed. In the aidiydrous 
condition, lime exliibits no affinity for carbonic acid. 

Lime is characterized by affording a bulky precipitate of sulphate 
of lime, when sulphuric acid is added to its soluble salts. But as 
the sulphate of lime has a certain degree of solubility, tliis precipitate 
does not appear in very dilute solutions of these salts, nor in lime- 
water, a property by which lime may be distinguished from baryta 
and strontia. Sulphate of lime may also, when precipitated, be re- 
dissolved bytlie addition of nitric acid. Lime is entirely proci|)itated 
froni neutral solutions by oxalate of ammonia, the oxalate of lime 
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being completely insoluble. In the quantitative estimation of this 
earth, it is therefore generally thrown down as oxalate, and afterwards 
obtained as carbonate of lime, by heating the oxalate nearly to 
redness in a platinum-crucible, in which a small fragment of carbo¬ 
nate of ammonia is disKsipated at the same time, to prevent any lime 
becoming caustic by loss of carbonic acid. 

ihme is" applied to a variety of useful purposes in ordinary life 
and in the arts, of which the most important are its applications as 
a manure for laud, and as mortar. In the first application, lime 
appears to be chiefly useful, (1) in jiromoting the oxidation and de¬ 
composition of the insoluble organic matters which the soil contains, 
and thereby rendering them capable of sustaining vegetable life; (2) 
ill decomposing clay and rendering its potash soluble, and (3) in 
restoring to the soil the calcareous clement which is annually removed 
in the crop. In the formation of mortar, the hydrate of lime is 
mixed with 2 parts of coarse, or 3 parts of flue sand, and made into 
a paste with water. In building, a stone is laid upon a bed of this 
paste, which it compresses by its weight, imbibing moisture also 
from the mortar, which escapes principally through the porous stone. 
Oil drying, the mortar binds the stones between wdiich it is inter¬ 
posed, and its own particles cohere so as to form a hard mass, solely 
by the attraction of aggregation, for no chemical combination takes 
place belwceii the lime and sand, and the stones are simply united 
as two pieces of wood arc by glue. Tiie sand is useful in rendering 
insignificant by its mass the contraction of the mortar on drying, and 
also, from the large size of its grains, in rendering the dry mortar less 
sliort and fi iablc. The mortar is subject to an ulterior change, from 
the slow absorption of carbonic acid, but even in the oldest mortar 
the conversion of the hydrate of lime into carbonate is never com¬ 
plete. The lime wliich is called Jat slakes easily, and with con¬ 
siderable increase of volume; Imu or poor lime slakes imjierfcctly, 
owing fre(|ueutly to the presence of magnesia in a porportion ex¬ 
ceeding 10 or 12 per cent; the latter earth having a comparatively 
feeble affinity for water. Magnesian lime is also generally considered 
prejudicial in agriculture, owing, it is supposed, to the magnesia long 
remaining caustic in the soil. 

Some limestones, containing about 20 per cent of clay or silicate of 
alumina, aiford lime which possesses a valuable property, that of form¬ 
ing with w ater a mass which becomes solid in a few minutes, and there¬ 
fore hardens in structures covered by water. An excellent hydraulic 
mortar of this kind is obtained from concretionary masses found iji 
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mavlc, nnd also as isolated blocks in the bod of the Thames. This 
lime being burnt, ground, and sifted, when mixed with water to form 
a paste, sets as quickly as Paris plaster; its solidity increases with 
the time it has been submerged, and it ends by acquiring the hard¬ 
ness of limestone. Sand is added to it when it is used as common 
mortar, or in coverimj buildings to imitate stone. Prom the minute 
division of the silicic acid and alumina in this mortar, their coinbinution 
with lime is mon* likely to occur than in ordinary mortar. Still the 
first setting of hydraulic mortar seems to be due simply to the fixation 
of water, and formation of a solid hydrate like g\])surn. Hydraulic 
mortar is sometimes made by mixing together clay and chalk, and 
calcining the mixture, or more frequently by adding to hydrate ot 
lime puzzolano ground to fine powder. The latter is a siliceous 
substance of volcanic origin, composed principally of pumic(!, oi 
which a stratum is excavated in the neighbourhood of Naples. The 
mortar v. hicli it makes with lime has obtained the name of Homan 
cement. 

The liydratc of hinoj'ith' of rnit'hnn precipitates on suhling lime- 
water, drop by drojj, to a solution of binoxidc of hydrogen. It con¬ 
tains, according to Tlien.ard, 3 eq. of oxygen. 

'I'lie pr'. losiilpfiid,^ o f calcittm. is procured by decom])osing sul¬ 
phate of lime, at a ie»l heal, by hydrogen or charcoal. When newly 
prepiired, it phos[)horesccs in the dark. It is oidy very sparingly 
sohihli! in water, hut it is deeoin])osed by boiling water, ac<rordiiig to 
M. II. Hose, into hydrosulphate of sulphide ot calcium, whieli is 
sohdde, and hydrate of lime. Sulphide of ealeiiim, when moistened 
with water, is readily decomposed by a stream of carbonic acid-gas, 
with tlie evolution of hydrosulphuric acid : 

(CaS.riO and C02 = Ca0.C02 + US.) 


^Vhen hvdratc of lime is boiled with suli)liiir and water, and 
the liquor allowed to cool before it i.s completely saturatc<l with 
sidi»hur, yellow crystals separate from it, wliieh are a hixiilphide 
of rah-itim, c()mbincd with 3110, according to the observations ol 
Jlerschel. \\ hen lime, or prot«)sidphide of calcium, is boiled w ith 
(ixccss of sidplmr, it dissolvesj suljdiur till a pmlantt/phide of enf- 
eiiim is formed, which resembles in properties the coriespouding 


degree of sidphuration of p«)ta.ssinm. 

Ldiosjdtidj; of fragments of (juickliine 

heated to redness by a spirit-lamp, iu a small maltiass uitli 


being 
a long 


ueck, and fri^jments of pliosplioi us dropped into the same vessel, a 
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mixture is obtained of ptiospbate of lime and phosphide of calcium. 
The compound lias a chocolate-brown colour. When the tempera¬ 
ture is raised too hi^h, ilic aifinities change, and phosphorus escaping 
in vapour, nothing but lime remains. According to M. P. Thenard, 
in the reaction which gives phosphide of calcium, 7 eq. of phospliorus 
act upon 14 eq. of lime: 

14 CaO and 7 P= 2 ( 2 Ca 0 .P 05 ) and SCa^P. 

T4ic phosphide, therefore, contains 2 cq. of calcium to 1 cq. of 
phosphorus, and is analogous to the liquid hydride of phosphorus 
Pllg. When thrown into w^atcr, it is immediately transformed into 
the hydride of phosphorus referred to, which is spontaneously inflam¬ 
mable, and hypophosphite of lime, which is dissolved, 

Chlttride of calcium.; CaCl; 55.50 or 693.75.—Obtained by 
neutralizing hydrochloric acid with carbonate of lime, or as a residue 
in several processes; a concentrated solution affords crystals in largo 
striated four-sided prisms, which contain 6 eq. of water. Dried with 
stirring, above 212 °, it affords a crystalline powder, containing 2 eq. 
of water, w hich jiroduccs an intense degree of cold w hen mixed with 
snow (p. 46.) The Siune hydrate was produced on drying the crys¬ 
tals in vacuo over suli)huric acid for ten days. The crystals arc 
soluble in one-liftecnth of their weight of water at 60°, and exceed¬ 
ingly deliquescent. The salt is made anhydrous by heat, and under¬ 
goes the igneous fusion at a red heat. The liquid chloride is poured 
upon a slab, and the transparent cake of solid salt immediately 
broken into })icces, and preserved in a stoppered bottle. It is much 
t;raj)loycd, from its great affinity for water, to dry gases and absorb 
moisture. Chloride of calcium always acquires by fusion a slight 
but sensibly alkaline reaction from partial decomposition; on wliich 
account Liebig prefers the salt strongly dried, but not fused, as the 
hygroinctric agent in organic analysis. Ignited with the sulphates 
of baryta and strontia., chloride of calcium gives rise to sulphate of 
lime and the chlorides of barium and strontium. Ten parts of an¬ 
hydrous alcohol dissolve 7 parts of chloride of calcium, at the boiling- 
point, and the solution, in cold weather, affords crystals in rectangu¬ 
lar scales, which are an alcoholate, containing 2 eq. of alcohol, instead 
of water of crystallization j CaCl-f 2 C 4 H 6 O 2 . Anhydrous chloride 
of calcium likewise absorbs 4 equivalents of nmmoniacal gas, and 
forms a bulky white powder, CaCl-I- 4 NH 3 , from which the ammonia 
may be easily expelled again by heat. 
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A solution of chloride of calcium, when boiled with hydrate of 
lime, dissolves that substance, and the solution filtered hot, deposits 
an oxichloride of calcium^ 3CaO.CaCl-fl5HO, in long flat and thin 
crystals. The salt is decomposed by water and alcohol. 

A compound of diloride of calcium with oxalate of lime con¬ 
taining water of crystalliaation, is obtained in good crystals, which 
are persistent in air, by dissolving oxalate of lime to saturation in 
hot hydrochloric acid, and allowing the solution to cool. It consists 
of 1 eq. of each salt, with 7 eq. of w ater. Oxalate of lime is known to 
combine with 2 eq. of water, of wiiich 1 eq. appears to remain in this 
double salt, while the other is replaced by chloride of calcium carry¬ 
ing its 6 eq. of water of crystallization’ along with it j CaO.C^Oa + 
(IlO.CaCl) +6HO. A similar replacement is observed in the forma¬ 
tion of quadroxalate of potash (p. 199). This salt becomes an¬ 
hydrous without decomposition at 206° (130° C.) It is decom¬ 
posed by pure water. 

Fluoride of calcium, Fluor-Rpar; CaF; 38.70 or ISS.SO.— 
This salt is peculiarly a constituent of mineral veins, and occurs 
massive, or in transparent crystals wliich are cubes or octoliedrons, 
and is often of beautiful colours, generally green or purple. It is 
cut into ornamental forms, and is believed to be the substance of 
which the vasa murrina of the Eomans wxrc composed. In minute 
quantity fluoride of calcium is very generally diliused, being found 
in the earthy deposit from sea-water wdicn boiled (G. Wilson). It 
forms a few thousandtlis of the earth of bones, and a somewhat larger 
proportion of the enamel of tlie teeth : in fossil bones the proportion 
of fluoride of calcium is considerably greater (J. Middleton, Mem. 
Chem. Soc. ii. 131). It is dissolved to a small extent by water con¬ 
taining carbonic acid, like the other uisoluble salts of lime; its 
density varies from 3.14 to 3.17. When heated gently, on a plate 
of metal, it becomes luminous in the dark for a short time; the 
])hosphorcscent property may be restored by passing electric sparks 
through the crystal (Griffiths). I’luoride of calcium is obtained in a 
granular condition, when hydrofluoric acid is neutralized by freshly 
precipitated carbonate of lime. 13ut when a neutral salt of lime is 
mixed with a soluble fluoride, the fluoride of calcium appears as a 
translucent gelatinous mass. This fluoride, whether artiticiid or 
natural, is not decomposed by sulphuric acid at a low temperature, 
but imbibes that acid, and forms a tliick ropy liquid. At 101° 
'40° C), tliis mixture begins to decompose, and emits hydrofluoric 
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acid. Fluoride of calcium resists the action of a solution of hydrate 
of potash, but is easily decomposed in the dry way by fusion with 
carbonate of potash, and fluoride of potassium is formed. 


SALTS OF LIME. 

(kirhoiiate of lime; CaO.COjj 50, or 625.—This is one of the 
most abundantly diffused salts in nature, forming the basis of lime¬ 
stones, marbles, marles, coral-reefs, shells, &c. It is anhydrous, and 
occurs in two incompatible crystalline forms, the rhomboidal crystal 
of Iceland spar and calc-spar, which, with its numerous modifications, 
is much the most abundant, and the six-sided prism of arragonite, 
jsomorphous with carbonate of strontia, which last may be readily 
recognized by falling to powder when heated. The grains of this 
powder have the form of calc-spar. The density of carbonate of lime 
ill these .two forms is sensibly diflerent, that of calc-spar being 2.719, 
and of arragonite 2.949 (G. Eose). Carbonate of lime consists of 
56 lime and 44 carbonic acid in 100 parts. 

' Carbonate of lime may also be obtained in the state of a hydrate by 
heating together very slightly 1 part of hydrate of lime, 3 parts of sugar, 
and 6 parts of water, filtering the solution, and leaving it exposed in a 
shallow vessel. In twenty-four hours crystals appear upon the surface 
of the liquid, and in fifteen days the whole lime is generally converted 
into hydrated carbonate, in the form of sharp transparent rhombs. The 
carbonic acid is absorbed from the atmosphere. These crystals con¬ 
tain 5 eq. of water ; by boiling them in anhydrous alcohol, a second 
delinite hydrate is obtained containing 3 eq. of w^ater, as ascertained by 
Folouze. The first of these hydrates has also been found native in a 
runiiing stream, by Schcercr. The two hydrates of carbonate of lime 
correspond in composition with two crystalline hydrates of carbonate 
of magnesia. 

Carbonate of lime is considered an insoluble salt, although, ac¬ 
cording to Fresenius, one part of carbonate of lime dissolves in 8834 
parts of boiling water, and in 10601 parts of water at ordinary tem¬ 
peratures : the solution is sensibly alkaline to test-paper. When 
recently precipitated, carbonate of lime is much more soluble in salts 
of ammonia; the solution of carbonate of lime in hydrochlorate of 
ammonia in excess is completely resolved by spontaneous evaporation 
into chloride of calcium and carbonate of ammonia, which escapes. 
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Scivwater appears to be essentially alkaline from the presence of 
carbonate of lime, a circumstance calculated, therefore, to prevent 
tile accurnulation in the sea of ammonia in the form of fixed salts, 
and to cause the restoration of that base to the atmosphere. Car¬ 
bonate of lime is soluble in water coiitaiiiiiig carbonic acid, and is 
generally present in the water of wells, and in some mineral waters 
to a considerable extent. It is deposited from the latter, when cx- 
])osed to air in a gradual manner and in possession of a crystalline 
structure, forming stalactites and stalagmites in mountain caverns, 
and calcareous pctrifications, when it flows over wood and otlier 
organic and destinctiblc matters, of wdiich it preserves the form. 
When a current of carbonic-acid gas is passed through lime-water, 
the greater portion, but not the whole, of the carbonate of lime first, 
precipitated is re-dissolved by the excess of carbonic acid. 'J'liis 
solution yields on evaporation the anhydrous carbonate, and no crys¬ 
talline bicarbonate of lime has been obtained. Carbonate of lime 
is decoiiijiosed with elfervcsccncc by acids. At a red licat it parts 
with carbonic acid, and is converted into quicklime in thg manner 
already described. 

A crystalline mineral was discovered by Boussingault at Merida in 
America, wliich lie a.'X-eitaincd to be a double carbonate of soda and 
lime, with 5 eq. of water, and named f/tn/fussiti’, in honour of Gay- 
Lussac. It may be made anliydroiis by heat, and its tw'o salts are 
then separated by water. 

The hardness of well- and river-water, so far as it is due to car¬ 
bonate of lime ill solution, may be removed by a jiroper addition of 
lime-water, the free carbonic acid becoming carbonate of lime, and 
precipitating together with the portion of ciiibonaic of lime formerly 
held in solution ; colouring and other organic matter is carried down 
at the same time.* This elegant proces.s has been found to act 
satisfactorily on a large scale. The proportion of carbonati', of lime, 
w'here it is the only alkaline substance in solution, may he deter¬ 
mined with great accuracy by iieutrali/iiig 8750 grains of the water 
(one jniit), by nnsaiis of a normal acid solution containing O’ tSfiS per 
cent of hydrochloric acid (this is 819.37 grs. of IICI in one gallon, 

* Professor (Jlark : Keportory of J’aterit Inventions, Octol)cr 1841 ; n iminplilel 
ftnlitlul “ A New Proecss for Purifying Wntcra supplied lo tlic Metropolis,” piiltlislicd 
hy 11. and J. K. ’I’ayLjr ; ami " On Ihc Kxarnitiation of Water for its liardm-ss,” Pliurinu- 
eeiUienl .lonrii.'d, vi. 520. 'I'lic iiistrninniilK and tcsl-licpiids rc(|uii'(:d in tin: (iXiiininaliuii 
of waters by I’ruf. Olurk’s iJictliod may bu obtained ut Mr. Grillin’.^, in itakcr-stred. 
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or 70000 grs. of water, or as much acid as would neutralize one 
ounce or 487.5 grs. of carbonate of lime). This test-acid is prepared 
by means of pure carbonate of soda, as in the process of alkalimetry 
(page 547), or from the analysis of the dilute acid by nitrate of 
silver. The measured quantity of water is placed in an evaporating 
basin, and being found alkaline by delicate red litmus-paper, the 
Tiormal acid is added from the small burette (fig. 165) 
graduated into ten-grain measures, each of which is 
subdivided into five, till the point of neutralization is 
readied, the liquid being heated towards tlie end of 
the operation. A small portion of 30 or 40 grains 
of the water is transferred to a small conical wine¬ 
glass, and the test-pajier left in it for several minutes, 
to obtain the indication of alkalinity. To save time, a 
series of six of these wine-glasses is convenieiitly em¬ 
ployed, each containing a sample of the water after 
successive additions of the tesL-acid. Each ten-grain 
measure of the acid required indicates 1 grain of car- 
bonai e of li me in 1 gallon of the water,or0.000014286 
per cent of carbonate of lime. By such means a 
minutely accurate determination of alkalinity may 
be obtained; one-lmndredth of a grain of carbonate 
of lime in a pint of water is thus observed (Prof. Clark.) 

Hulphate ofiime, Gypamn ; CaO.SO-t-f21TO j 68 + IS or 850 -f 
225.—This salt precipitates as a bulky and gritty powder, when 
sulpliuric acid is added to a soluble salt of lime. Sulphate of lime 
appears to have nearly the same degree of solubility at all tempera- 
t'lres, and requires 460 parts of water for solution, according to 
Bucholz, or 380 parts of cold, and 388 parts of boiling water, ac¬ 
cording to Geise. It occurs in nature in u'eU-fonued crystals, and 
also ill large crystalline masses, forming beds of gypsum ; a uiiiicral 
which contains 2 eq. of water, and of which the density is 2.322 (Royer 
and Dumas). Prof. Johnston likewise obtained small prismatic crys¬ 
tals of sulphate of lime, deposited in a steam-boiler, which contain 
only half an equivalent of water 2(CuO.S()3)+110. Sulphate of 
lime oceiirs in a crystalline form, without water, forming the mineral 
anfiydrih;^ of which tlie density is about 2.96. Sulphate of lime 
fuses at a strong-red heat, without decomposition, and on cooling 
assumes the crystalline form of the last mineral. To form plaster of 
Paris, gypsum, in pieces about the size of a pigeon's egg, is heated 
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in an oven till it is nearly anhydrous, and then reduced to powder. 
When this is made into a paste with a little water, it forms a hard 
coherent mass, or sets, in a minute or two, with a slight evolu¬ 
tion of heat. This artificial hydrate, or stuccoy has the same com¬ 
position as native gypsum. If sulphate of lime has been heated 
above 300°, in drying, it refuses to set afterwards when mixed with 
water. ' 

The powder of hydrated gypsum solidifies also when mixed with a 
solution of potash, or various salts of potash, such as the carbonate, 
bicarbonate (in this case with violent effervescence), sulphate, and 
silicate, but not with the chlorate or nitrate of })otash, nor with any 
salt of soda. Double salts are probably formed, as it is the alkaline 
salts only which are capable of forming double salts, and arc con¬ 
sidered bibasic by M. Gerhardt, that possess the remarkable property 
in question (Emmet, New. Edinb. Phil. Joum. xv. G9). 

H/jpoftnlphite of lime is formed by transmitting sulphurous acid 
through sulphide of calcium, suspended in water, till the solution is 
neutral and colourless. Tlie solution is decomposed when heated 
above 14-0° (60° C.) into sulphur and sulphite of lime. If evajK)- 
rated below that temperature, it yields large hexagonal prisms of 
hyposulphite of lime, on cooling, which are colourless. They con¬ 
tain 5 eq. of water, and are persistent in air. The same salt may be 
obtained very economically by exposing to air the waste-lime of the 
dry-lime gas purifiers. 

Nitrate of lime is a highly deliquescent salt, which crystallizes 
with 6 cq. of water, like the nitrates of the magnesian class. It is 
soluble in alcohol. 

Phosphates of lime. —On adding chloride of calcium to thctribasic 
subphosphate of soda, a corresponding phosphate of lime precipitates 
in bulky gelatinous flakes, of which the formula is SCaO.POg. 'I'liis 
phosphate occurs in nature in combination with fluoride of calcium in 
the form of hexagonal prisms, in the minerals apatite and moroxite. 
The formula of apatite is CaE -4- 3 (SCaO.POg). Tlie native phosphates 
of lead occur in the same form, with chloride of lead in the place of 
fluoride of calcium. Hedt/jihan is the same mineral, in which a 
portion of phosphoric acid is replaced by arsenic acid. 

Another tribasic phosphate of lime is obtained on adding the 
solution of common phosphate of soda, drop by drop, to chloride 
of calcium. This precipitate is slightly crystalliTie. Its formula, 
exclusive of its water of crystallization, is IK).2Ca0.P05. Again, 
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when a soJiition of phosphate of ammonia, supersaturated with 
ammonia, is treated with a sr'ution of cliloride of calcium, till 
about one-half of the ph6p;>f-‘acid is precipitated, the preci¬ 
pitate contains 51.263 pe’ j and corresponds to the 

formula SCaO.SPOg (BerW ' ? . . ''osphate of lime is also 

described by Berzelius, obtained • m a solution of any of 

the prcdiding salts in nitric acid to 'T-ystallization, of 

which the probable formula is 2IIO.Car S '-' j - > also exist a 
pyrophosphate and raetapliosphate of lime, - - hie phos¬ 

phates of lime are soluble in water containing c? - ,.oid. It is 
possibly in this manner that phosphate of lime is d’ -solved by the 
alkaline animal fluids. 

Hypochlorite of lime; Chloride of lime; Bleaching — 

This compound, remarkable for its valuable applications in the arts, 
is generally prepared by exposing hydrate of lime, from the purest 
lime, to chlorine-gas, the latter being supplied so gradually as to 
prevent the heat, occasioned by the combination, from rising above 
62°. Chlorine is not absorbed by quicklime, nor by the carbonate 
of lime. When dried at 212°, hydrate of lime, I find, absorbs after¬ 
wards little or no chlorine; but dried over sulphuric acid, without 
heat, it is, on the contrary, in the most favourable condition for 
becoming chloride of lime. A dry, white, pulverulent compound is 
obtained by exposing the last hydrate to chlorine, which contains 
41.2 to 41.4 chlorine in 100 parts; but of this chlorine about 39 
parts only are available for bleaching, owing to 2 parts of that ele¬ 
ment going to the formation of chloride of calcium and chlorate of 
lime. A slight addition of moisture to hydrate of lime does not 
increase the proportion of chlorine absorbed, and renders the com¬ 
pound less stable. The above appeiurs to be the maximum absorp¬ 
tion of chlorine by dry hydrate of lime, and is greater than it would 
be advisable to attempt in the manufacture of bleaching powder, 
owing to the occurrence of the partial decomposition adverted to. 
Yet this proportion is considerably short of 1 cq. of clilorine to 1 of 
hydrate of lime, which are 48.57 chlorine and 51.43 hydrate of lime, 
in 100 parts. The excess of lime appears to be useful in adding to 
the stability of the compound. Labarraque mixes the hydrate of 
lime with a^oth of its weight of chloride of sodium, by which means 
the absorption of chlorine is greatly promoted. The bleaching 
powder of commerce may contain, when newly prepared, about SO 
per cent of chlorine; but after being kept for several months, the pro- 
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portion of available chlorine is fount! . acntly below than above 

10 per cciitj so much docs i(, dcte^ ^ceping. 

The reaction which occurs in thr *‘ jii of hypochlorite of lime 
is' represented as follows : 

2CaO. i ■ ^a.Cl and CaO.ClO. 

Or the prodiv’^ ^ of chloride of calcium and hyi’joclilol'ite 

of lime. 

The s. , -a IS obtaiiicd in solution bvtransmittin£T a st ream 

of cidorin*. .iough hydrate of lime suspended in water. Tlic 
lime then ab: .<rbs a full equivalent of chlorine, and dissolves entirely. 

Ten parts of water take up the bleaching combination from 
one part of dry chloride of lime, leaving undissolved the hydrate of 
lime contained in excess. The solution has a slight odour of hyijo- 
clilorons acid, a rough ustriugcjit taste, and alkaline reaction. It 
destroys most organic matters containing hydrogen, including 
colouring matters. But its bh achiiig action is not instantaneous, 
unless an acid be added to it, which liberates the chlorine. Hence, 
wlien Turkey-red cloth, having a pattern printed upon it willi 
tartaric acid thickened by gum, is immersed for about one ininiil.e in 
this solution, it comes out with the colour discharged where the acid 
was present, but elsewhere uninjured. In this manner wliite, figures 
are produced upon a coloured ground. The solution of chloride of 
lime also absorbs and destroys contagious matters in the atmosphere, 
and is slowly ilecomposcd by carbonic acid, with escape of chlorine. 
The jiowder or its solution, when heated, or when kept for a con¬ 
siderable time, undergoes decomposition; 18 eq. of chlorine then 
leaving 17 eq. of chloride of calcium, and 1 etp of chlorate of lime, 
and disengaging 12 eq. of oxygen-gas, according to the observations 
of M. Morin. 

CIILOniMKTIlY. 

The bleaching power of hypochlorite of hme is often estimated by 
tlie quantity of a solution of sulphate of indigo, which a constant 
weight of the substance can deprive of its blue colour, or render 
yellow. But as the indigo-solutioii alters by keeping, this method is 
not unobjectionable. A more exact method is that in which sulphate 
of iron is used. This method reposes u[)on the circumstance that 
the clilorine of hypochlorite of lime converts a salt of the protoxide 
into a salt of the sesquioxide of iron; lialf an equivalent, or 222 
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parts of clilorine, effecting that change upon a whole equivalent, or 
1728 parts of cr. protosulphate of iron. Protoxide of iron is con¬ 
vertible into sesquioxide by half an equivalent of oxygen, which the 
half equivalent of chlorine may he supposed to supply, by decom¬ 
posing water, in becoming hydrochloric acid. It follows, by propor¬ 
tion, that 10 grains of chlorine are capable of peroxidizing 78.1 
grains of ft*, protosulphatc of iron. 

A few ounces of good crystals of protosulphate of iron are reduced 
to powder, and dried by strong pressure between folds of cloth; the 
salt may afterwards be preserved in a bottle without change. In a 
chlorimetric experiment, 78 grains (equivalent to 10 grains of 
chlorine) of this salt are dissolved in about two ounces of water, 
which may be acidulated by a few drops of sulphuric or hydro¬ 
chloric acid. Fifty grains of the chloride of lime to be examined are 
dissolved in about two ounces of tepid water, by rubbing them toge¬ 
ther in a mortar, and the whole poured into the alkalimeter (page 
54-7), wdiich is afterw^ards filled up to 0 on the scale, by the addi¬ 
tion of w'ater, and the whole mixed by inverting the alkalimeter upon 
the palm of the.hand. The solution of chloride of lime, being thus 
•made up to 100 measures, is .poured gradually into the sulphate of 
iron, till the latter is completely peroxidized, and the number of 
measures of chloride required to produce that effect observed. The 
change in the degree of oxidation of the iron-solution is discovered 
by'means of red-prussiate of potash, which gives a precipitate of 
Fnissiali blue with a salt of the protoxide of iron only, and not with 
a salt of the sesquioxide. By means of a glass-stirrer, a white stone- 
w*are plate is spotted over with small drops of the jnussiate. A drop 
of the iron-solution is mixed with one of these, after every addition 
of chloride of lime, and the additions continued, so long as a deep 
blue precipitate is produced. The liquid may continue to be co¬ 
loured green by the iron-salt, but that is of no moment. The richer 
the specimen of chloride of lime is in cliloriiie, the fewer measures of 
its solution arc required to peroxidize the iron, the number of mea¬ 
sures containing 10 grains of chlorine always producing that effect. 
The quantity of chlorine in the fifty grains of bleaching powder is now 
known, being ascertained by the proportion, as m measures (the 
number poured out of the alkalimeter), is to 10 grains of chlorine, 
so 100 is to the total grains of chlorine. In a particular experi¬ 
ment the 78 grains of sulphate of iron required 72 measures of the 
bleaching solution. Hence, as 72 is to 10, so 100 is to 13.89 

2 Q 
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chlorine in 50 grains of the chloride of lime. The quantity of 
chlorine in 100 grains of the chloride, or the percentage of chlorine, 
is obtained by doubling that number; and was therefore, in this in¬ 
stance, 37.78 percent, or 38 per cent. The arithmetical process may 
always be reduced to that of dividing 3000 by the number of mea- 
sm*es poured from the alkalimetcr : thus in the last example— 

21 "«= 27 . 78 . 

7 2 

SECTION TV. 

MAGNESIUM. 

Eq. 12.3, or 153.5; Mg. 

To obtain magnesium, sodium in a test-tube of hard glass is 
covered by fragments of anhydrous chloride of magnesium, and heated 
to redness by a lamp. The alkaline metal unites with chlorine, with 
strong ignition. After extracting the chloride of sodium by means of 
water, the magnesium remains in little globules, which may be re¬ 
united by fusing them under a stratum of chloride of potassium at a 
moderate rcd-hcat. 

Magnesium has the colour and lustre of silver; it is very ductile, 
and capable of being beaten into thin leaves, fuses at a gentle heat, 
and crystallizes in octohedrons. ]\tagncsium is oxidized superficially 
by moist air, but undergoes no change in dry air or oxygen. 
Heated to redness, it burns with great brilliancy, forming magnesia. 
It is evidently more analogous to zinc tlian to tlie preceding 
metals. 

Magnema; MgO; 30.3, or 353.5.—^Tlii.s i.s the only known 
oxide of magnc.sium. As usually prepared, hy a gentle but long 
calcination of, the artificial carbonate of magnesia, it forms a wdiito 
soft powder, the magursia ttsta of jdiarmacy. Magnesia is of 
density 3.G1 after ignition in a porcelain-furnace (II. Rose), and 
highly infusible. It combines with water, but with much less avidity 
than lime does, forming a protohydratc. The native hydrate of mag¬ 
nesia lias the same composition, and so has the compound obtained 
by precipitating magnesia from its soluble salts (by means of hydrate, 
of potasli) and washing well, when dried cither without heat or at 
312°. These preparations have a silky lustre and a softness to the 
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toucli, characteristic of magnesian minerals, such as is observed in 
asbestos and soapstone. 

According to M. Fresenius, magnesia requires for solution 55368 
parts of water, either boiling or at ordinary temperatures; the solu¬ 
tion is feebly alkaline, and gives a sensible precipitate on the addit ion 
of phosphate of soda, followed by ammonia. When this earth and 
its salts *are moistened with nitrate of cobalt, and strongly ignited 
before the blow-pipe, tln^y assume a fine rose-colour: phosphate of 
magnesia takes more of a violet tint. Magnesia is precipitated from 
its soluble salts by lime-w'ater, but is still a strong base callable of 
neutralizing acids perfectly. Ammonia never throws down more 
than half of the magnesia from the solution of a salt of magnesia, 
owing to the formation of a soluble double salt of magnesia and 
ammonia; and the fliiky precipitate produced by ammonia in the 
solution of a salt of magnesia disappears again completely on the 
addition of hydrochlorate of ammonia. Magnesia is precipitated 
from its salts by the carbonates, but not by the bicarbonates, of 
potash and soda. It is most correctly estimated by precipitation by 
the phosphate of soda with caustic ammonia, washing with water 
containing hydrochlorate of ammonia, and igniting the precipitated 
phosphate of magnesia and ammonia; the wdiole magnesia being 
“ ultimately obtained in the form of bibasic idiosTdiate of magnesia, 
aMgorOg. 

Chloridii of magnesium, made by neutralizing carbonate of mag¬ 
nesia with hydrochloric acid, crystallizes in thin needles, which con¬ 
tain 6 cq. of w’atcr, and are highly d(dit[uescent. Wlien \vc attempt 
to make this salt anhydrous by heat, hydrochloric acid escapes, and 
magnesia remains. But tlie pure chloride of magnesium, wdiieh is 
employed in preparing the metal, may be obtained by dividing a. 
quantity of liydrochloric acid into two equal portions, neutralizing 
one with mague.sia and the other with ammonia, mixing and evaja)- 
rating those two solutions to dryness, when an anhydrous double 
chloride of magnesium and ammonia is formed. On heating this 
salt to redness in a covered porcelaiii-crucibh*, sal-ammoniac sub¬ 
limes, and chloride of magnesium remains in a state of fusion, w hicli 
becomes a translucent, crystalline mass on cooling. This chloride is 
decomposed by oxygen, which, at a high teraperatun^, disjdaces its 
chlorine, and magnesia is formed. According to M. Poggiale, the 
chloride of magnesium forms with chloride of sodium a double salt, 
wliicli has the formula ^MgCl.NaCl-1-2110. 
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Carbonate of magnesia .—^Tliis salt occurs native, and then always 
in the anhydrous condition, as a white, hard, compact mineral of an 
earthy fracture, w'hich is known as magnesite^ and sometimes in 
rhomboliedral crystals, similar to those of carbonate of lime. It is 
prepared artificially by precipitating a soluble salt of magnesia, by 
means of carbonate of potash at the boiling-point. The precipitate 
is diffused in pure water, and a stream of carbonic acid sent through 
it, by which the carbonate of magnesia is dissolved. On allowing 
this solution to evaporate spontaneously, the excess of carbonic acid 
escapes, and carbonate of magnesia is deposited in small hexagonal 
prisms with right summits. These crystals contain 3 eq. of water. 
They effloresce in dry air, and then lose eq. of water, according to 
my own observations. Carbonate of magnesia has also been obtained 
in crystals, with 5 eq. of water, from the solution in carbonic 
acid, at a low temperature. There are, consequently, three hydrates 
of this salt, of which the formulte are— 

MgO.COa.HO; 

MgO.CO 2 .HO 4-S2HO; 

MgO.COa.HO-hlHO. 

The fact that the carbonate of magnesia dissolves in carbonic acid- 
water is not to be held as a proof of the existence of a bicarbonate of 
magnesia. Various insoluble salts, such as phosphate of lime and 
fluoride of calcium, dissolve in the same liquid, which appears to 
possess a specific solvent power. In the analogous solution of car¬ 
bonate of lime in carbonic acid-water, the proportion of the carbonate 
was found bv IBertliollet to have a variable and indefinite relaticJn to 
the acid. On theoretical grounds, supersalts, of the ordinary con¬ 
stitution, of magnesia, and the magnesian family of oxides, arc not 
to be expected, as they would be double salts of water and another 
magnesian oxide. 

Magnesia alboy or the suhearbonate of magnesia of pharmacy, is 
prepared by precipitating a boiling solution of sulphate of magnesia 
or chloride of magnesium, by means of carbonate of potash. Car¬ 
bonate of soda is hot so suitable as a jirccipitant of magnesia, as a 
portion of it is apt to go down in comlunation with the magnesian 
carbonate, but it may be used provided the quantity ajiplicd be less 
than is required to decompose the whole magnesian salt in solution. 
Magnesia alba, when well washed with hot water, is very white, light, 
and bulky. A portion of carbonic acid is lost, the magnesia not 
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being in combination with a full ecjuivalent of that acid. Ber/iClius 
found magnesia alba to contain, in 100 parts, 35.77 carbonic acid, 
44.75 magnesia, and 19.48 water; or to consist of 3 eq. of carbonic 
acid, 4 eq. of magnesia, and 4 eq. of water. It is viewed as a com¬ 
bination of 3 eq. of protohydrated carbonate of magnesia with 1 eq. 
of protohydrate of magnesia; of which the formula is 3(MgO.COa. 
HO) + iJJgO.HO. This compound requires S1500 parts of cold, 
and 9000 of hot water for solution (Dr. Dyfe). 

Bicarbonate of potash and magnesia .—This salt was formed by 
Berzelius by mixing a solution of nitrate of magnesia or chloride of 
magnesium (not the sulphate of magnesia) with a saturated solution 
of bicarbonate of potash in excess, and allowing the liquor to rest. 
In the course of a few days, the double salt is deposited in large 
regular crystals. These crystals are insipid; insoluble in pure water, 
but slowly decomposed by it. The composition of this salt corre¬ 
sponds with 1 eq. of potash, 2 of magnesia, 4 of carbonic acid, and 
9 of water. It contains the elements of 1 eq. of a hydrated bicar¬ 
bonate of potash, and of 2 eq. of hydrated carbonate of magnesia. 

fMg0.C02.H0-f2H0 
■ HO.CO^.lKO.CO^l + aHO 
Mg0.C02.H0 + 2H0. 

It appears an association, or compound, of three salts of similar 
constitution. This salt, I find, loses 8HO at 212°, or all its com¬ 
bined water, except the single basic equivalent of the bicarbonate 
of potash. A corresponding bicarbonate of soda and magnesia also 
exists. 

DoIomitCj a magnesian limestone, very extensively diffused in 
nature, is a mixture or combination of the carbonates of lime and 
magnesia, liaving the crystalline form of calc-spar. The two salts 
ULiite in all proportions, but are most frequently found in the pro¬ 
portion of single equivalents. It is remarkable that wdien this rock 
is exposed to the solvent action of water containing carbonic acid, 
the carbonate of lime is dissolved exclusively, and a magnesian lime¬ 
stone remains in the form of a porous and crystalline mass. It is 
not unusual to find w'hole mountains of magnesian limestojie thus 
altered. 

Rulphate of magnesia; MgO.SO3.HO-f 6110; 60.2 -f 63, or 
752.5-4-787.5.—This salt exists in many mineral springs, in the 
waters of Epsom, of Seidlitz in Bohemia, &c., from which it was 
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first procured by eva])oration. It is now obtained from tlie bittern 
of sea-water, which consists principally of chloride of magnesium and 
sulphate of magnesia, and is converted wholly into sulphate by the 
addition of sulphuric acid. Or magnesia is jirecipitated from sea¬ 
water confined in a tank, by means of hydrate of lime, and the earth 
thus obtained afterwards neutralized by sulphuric acid. Magnesian 
limestone is also had recourse to for magnesia. It is bvinied and 
slaked with water, to obtain it in a divided state, and then neu¬ 
tralized by sulphuric acid. The mixed sulphates are easily separated, 
that of lime being soluble to a minute extent only, while that of 
magnesia is highly soluble in water. A solution of suljdiatc of lime 
is also decomposed by carbonate of magnesia, with the formation of 
sulphate of magnesia ; and this reaction is often witnessed in beds of 
magnesian limestone, when water containing sulphate v)f lime perco¬ 
lates through them. 

The crystsds of sulphate of magnesia tu'e four-sided rectangular 
prisms, which, when pure, have a slight dis])ositioii to ellloresce in 
dry air. One hundred parts of water at 32° dissolve 2.5.76 parts of 
the anhydrous salt, and for every degree above that temperature 
they take up 0.2G564 part additit)nal (s(!e Gay-Lussac’s table of the 
solubility of salts, at page 220). The soliitiou has a bitter disagree¬ 
able taste, which is characteristic of all the soluble salts of magnesia. 
It is not precipitated in the cold by the alkaline bicarbonates, by 
common carbonate of ammonia, nor by oxalate of ammonia if the 
solution of sulphate of magnesia be dilute. This salt crystallizes at 
32° with 12IIO (Eritzsclie) ; it is also generally stated to crystal¬ 
lize about 70°, with 6HO. 

Sulphate of magnesia loses ClIO considerably under 300°, but re¬ 
tains 1 eq. of water even at 400°. The last equivalent is rejduced 
by .‘^ulphntc of j)otasli, forming the double sulphate of magnesia and 
potash, which is considerably less soluble than the sulphate of mag¬ 
nesia, and crystallizes with 6110. Sulphate of magnesia unites 
directly with sulphate of ammonia also, at the ordinary temperature, 
and with sulphate of soda above 100° (Mr. Arrott). 

Sulphate of magnesia, when ignited in contact with charcoal, 
leaves magnesia with very little sulphide of the metal; it is the 
last of the earths w'hich exhibits any analogy of this kind to the 
alkalies. The hydrosulphute of sulphide of magnesium is soluble in 
water, and appears to be formed wlien sulphate of magnesia is pre¬ 
cipitated by .sulpliidc of barium. 
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Hyposuljihate of mayiiesia lonns crystulsj which are persistent 
in air, very soluble, and contain 36.77 per cent, or 6 eq. of water, 
like the following salt. 

Nitrate of magneeia is a very soluble and highly deliquescent 
salt. It crystallizes with 6HO. 

Photiphate of tnagncHia is formed on mixing cold solutions of 
c{)mnion*)hosphate of soda and sulphate of magnesia, and allowing 
the liquid to stand for 24 hours. The salt appears in tufts of slender 
prisms, which cfllorescc in dry air. They are soluble in about 1000 
times their weight of Water. The composition of this salt, which I 
carefully examined, may be expressed by the following formula— 
110,2MgO.P05 + 2lld-f 12HO. (Phil. Trans. 1837.) 

Phosp/uite of magnesia and ammonia .—^This is the well-known 
granular precipitate which appears when a tribasic phosphate and a 
salt of ammonia are dissolved together, and any salt of magnesia is 
added to the mixture. Its formation is had recourse to as a test of 
the ])rcscucc of magnesia. Althougli insoluble in a licpiid containing 
salts, it is so soluble in jnire water that it cannot be w ashed without 
sensible loss. It is readily dissolved by acids. The same substance 
forms the basis of the variety of urinary calculus known as the am- 
moniaco-magnesian phosphate. It is a tribasic phosphate, of whicli 
the 3 c(j. of base are 1 eq. of oxide of ammonium and 2 eq. of mag¬ 
nesia, with 12 eq. of W'atcr of crystallization : ten of tlic latter may 
be expelled without any loss of ammonia. The formula of this salt 
is therefore NlI4O.2MgO.PO5-1-2110-f 10HO. The same salt was 
found ill crystals of considerable magnitude, by Dr. Ulex, in the old 
soil of the city of Hamburgh, and named struvite, as a new mineral 
species. It has also been found in guano, and hence named 
by Mr. Teschemachcr. Dr. Otto lias observed a corresjumding tri¬ 
basic phosphate of protoxide of iron and ammonia, whicli contains 
only 2 cq. of w'ater; and also an arseniate of manganese and am¬ 
monia, of wliich the water of crystallization appears to be the same 
as that of the phosphate of magnesia and ammonia. By igniting, 
without fusing, phosphate of magnesia with a small quantity of 
carbonate of potash, an insoluble double salt of similar constitution, 
2MgO.lCO.PO5, was obtained by II. Hose. Corresponding double 
phosphates, containing 2 eq. of lime, baryta, and strontia, iu the 
place of the 2 cq. of magnesia, were prepared in a similar manner. • 

Borate of magnesia .—The neutral salt was obtained by M. 
Wiiiilcr, in the form of crystals, by heating a mixture of the solutions 
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of sulphate of magnesia and borax to the boiling point, so as to form 
a precipitate, which is re-dissolved on cooling, and leaving the liquid 
at a temperature only a few degrees above 32° for some months. 
There were formed on the sides of the vessel thin crystalline needles, 
transparent, brilliant, hard, and having much of a mineral character, 
insoluble in hot or cold water, and having the composition MgO. 
BO^+SHO. Boracic acid forms also an insoluble tribornt^ of mag¬ 
nesia, SMgO.BOg+9HO; a soluble terborate, MgO.SBOa-f 8HO; 
and a soluble sexborate, MgO.GBOg+ 18HO. 

Tlie mineral lorereite, wiiich occurs in the cube and its allied 
forms, is an anhydrous compound of magnesia and boracic acid, in 
the ratio of 3 eq. of magnesia to 4 eq. of boracic acid, which is repre¬ 
sented by Mg 0 . 2 B 03 4 - 2 (Mg 0 .B 03 ). This mineral becomes elec¬ 
trical by heat. The rare mineral, hi/droboracite, is, according to 
Hess, a compound of a borate of lime and borate of magnesia, in 
both of \<'hich the acid and base are in tlic same ratio as in boracite, 
with 18 eq, of water. 

Sificates of /«ay//<?.s7V/.-^Magnesia is found combined with silicic 
acid in various proportions, forming several mineral species, of which 
the formulm are as follows:— 


Steatite 
Meerscliaum 
Picrosmineaud pyrallo-. 
litc 

Peridotc (olivine, or, 
chrysolyte) . 
Serpentine (hydrate of' 
magnesia with subsili¬ 
cate of magnesia) 
Pyroxene or augite (si¬ 
licate of lime and mag¬ 
nesia) 

Amphibole, or horn¬ 
blende (silicate of lime 
and magnesia) . 


5(MgO.SiO3)-f-2II0. 

Mg 0 .Si 03 -4 2110. 

6Mg0.4Si03-4 3H0. 

SMgO.SiOa. 

2(3MgO-|-2Si03) +3(Mg0.2HO). 
3Ca0.2Si03 -4 SMg 0 . 2 Si 03 . 
CaO.SiOg -4 3 Mg 0 . 2 Si 03 . 


In these minerals, particularly the two last, the magnesia is often 
replaced, in whole or in part, by protoxide of iron, which gives them 
a green, and sometimes black colour. Fine crystals of pyroxene are 
often found among the scorim of blast-furnaces. Serpentine is 
easily decomposed by acids, and may be employed in tlie preparation 
of sulphate of magnesia. A variety of other minerals are formed of 
silicic acid and magnesia, anhydrous or hydrated; such as talc, 
metaxite, &c. 
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ORDER III. 

METALLIC BASES OP THE EAHTH3. 

SECTION I. 

ALUMINUM. 

^^.13.7 or 171.2; Al. 

ment is named from alumen, the Latin term for alum^ 
which is a double salt, consisting of sulphate of alumina and sulphate 
of potash. 

Like the preceding metal, aluminum is obtained from its chloride 
by the action of potassium. In order to diminish the violence of the 
reaction, M. Wohler recommends that about 20 grains of perfectly 
dry potassium be introduced into a small platinum-crucible, which is 
placed within another larger crucible, also of platinum, containing 
the anhydrous chloride of aluminum. The cover of the larger cruci¬ 
ble is then fastened down by an iron-wire, and heat applied with 
caution. The aluminum is afterwards separated from the chloride 
of potassium, with which it is mixed, by digesting the crucible and 
its contents in a considerable quantity of cold water. The metal 
appears as a grey powder, resembling spongy platinum, but is seen 
in a strong light, wliile suspended in water, to consist of small scales 
or spangles having the metallic lustre. It is not a conductor of 
electricity when in this divided state, but becomes one when its par¬ 
ticles are approximated by fusion. "Wohler finds that iron resembles 
aluminum in that respect. 

Aluminum has no action upon water at the usual temperature, but 
decomposes it to a small extent at the boiling temperature, with the 
evolution of hydrogen. It undergoes oxidation more rapidly in so¬ 
lutions of potash, soda, and ammonia, and the resulting alumina is 
dissolved by these alkalies. Aluminum requires for fusion a tempe¬ 
rature higher than that at which cast-iron melts. Heated in open 
air, it takes fire and burns with a vivid light, and in oxygen-gas with 
the production of so much heat as to fuse the alumina, vwhich then 
has a yellowish colour, and is equal in hardness to the native crystal¬ 
lized aluminous earth, corundum. 
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Alumina; AI 2 O 3 ; 51.4 or 043.5.—This earth is the only degree 
of oxidation of Avliicli alumiimni is susceptible, so far as is known at 
present. In its constitution, altiminii is presumed to resemble scsqui- 
oxide of iron, because it occurs crystidli/cd in the same form as the 
native sesquioxide of iron, and the salts into which it enters are 
strictly isomorphous with the corresponding salts of that oxide. To 
3 eq. of oxygen it must, therefore, contain 2 eq. of metal, such 
being the composition of sesquioxide of iron. Aluminum is not 
known to enter into combination in any otlicr proportion than tliat 
of two equivalents of the metal to three of the halogenoiis con¬ 
stituent. 

Alumina occurs in a state of purity, with the (‘xccptioii of a tnicc 
of colouring matter, in two precious stones, the mpp/tire atut ruhi/ ; 
the first of which is blue, and the other red. I’liey arc not inferior 
ill hardness to the diamond. Their density is from 3.9 to 3.97, 
Alumina may be obtained by calcining tlie sulphate of alumina and 
ammonia, or ammonincal alum, very strongly. But alumina so pre¬ 
pared is insoluble in acids. It is obtained in the state of a liydrafc 
from common alum by dissolving the latter in boiling water, and 
adding a solution of ammonia (or better, of the carbonate of arnmo- 
nia), and boiling. This earth is still more perfectly precipitated by 
the liydrosulphate of ammonia, according to MM. Malagiiti and 
Duroclier. The precipitate, which is white, gelatinous, and very 
bulky, must be carefully w'ashed, by mixing it several times with a 
large quantity of distilled water, allowing it to settle, and pouring oiV 
the clear liquid. By drying in air, alumina is reduced to a few hun¬ 
dredths of the bulk of the humid mass. It is still a hydrate, but, 
w'hen ignited at a high temperature, it gives anhydrous alumina. 
One hundred parts of alum furnish 10.3 parts of alumina. 

Alumina is wdiite and friable. It has no taste, but adheres to tlic 
tongue. Before the oxihydrogeii-blow-])ipe it melts into a colourh^ss 
glass. After being ignited, it is dissolved by acids with great diffi¬ 
culty. It is highly hygrometric, condensing about 15 per cent of 
moisture from the atmosphere in damp wcatlicr. If ignited alumina 
contains a small portion of magnesia, it becomes warm when moistened 
with water: this property is very sensible, even when the proportion 
of magnesia does not exceed half a per cent. It appears to be due, 
not to chemical combination, but to heat disengaged by humcctatioii, 
—a phenomenon first observed by Bouillct. 

The hydrate of alumina, when moist, is gelatinous and semi-trails- 
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parent, like starch, but dries up into gummy masses. It is com¬ 
pletely insoluble in water, but is readily dissolved by acids, and also 
by tlie fixed alkalies; this earth standing in the relation of an acid 
to the stronger bases. Caustic ammonia dissolves it only in small 
(juantity. The hydrate of alumina is deposited in crystals when the 
solution of this earth in potash is allowed to absorb carbonic acid 
slowly from the air. The crystals are white and transparent at the 
edges, and contain 3 eq. of water, which they do not lose at 2.12°. 
The mineral gibsite is a native hydrate of alumina of the same com- 
]iositioii, AlaOj + SriO. Another native hydrate exists, containing 
less water, Al 203 + 2 riO. It is called dimpore by mineralogists, 
from decrepitating and falling to pow'dcr when heated,—a property 
which the artificial hydrate in gummy masses likewise exhibits. 

Hydrated alumina lias a peculiar attraction for organic matter, 
which it withdraws from solution; and hence this earth is apt to be 
coloured when w'ashed with water not absolutely pure. This affinity 
is so strong, that, wlien digested in solutions of vegetable colouring 
matters, alumina combines witli and carries dowm the colouring 
matter, which is removed entirely from the liquid, if the alumina is 
in sulficiciit quantity. The pigments called lakes are such aluminous 
(!Oinpounds. The fibre of cotton, when charged with this earth, 
attracts and retains with force the same colouring matters. Hence 
the great application of aluminous salts in dyeing, to impregnate 
cloth or yarn with alumina, and thus enable it to fix the colouring 
matter, and produce a fast colour. Alumina is then said to be a 
mordant; binoxidc of tin and sesquioxide of iron have an equal 
attraction for organic colouring matters. 

Alumina, it will be observed, is not a protoxide, and is greatly 
inferior to the preceding earths in basic power. It is dissolved by 
acids, but never neutralizes them completely. Heuce, alum and all 
the salts of alumina have an acid reaction. Tlieir solutions have an 
astringent and sweetish taste, which is peculiar to them. Alumina 
dissolves, to the extent of several e(iuivalents, in some acids, particu¬ 
larly hydrochloric acid, forming feeble compounds, which are even 
deprived of a portion of their alumina by filtering them tlirough 
paper. It is usually supposed that alumina does not combine with 
some of the weaker acids, such as carbonic acid ; and that an alkaline 
carbonate throws down alumina from alum, and not a carbonate of 
that earth. The carbonate of aimnouia, however, according to Mr. 
-Danson, gives a subcarbonatc of alumina, which, dried in vacuo at 
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a low temperature, formed a light bulky powder, having tlie compo¬ 
sition 3 AI 2 O 3 . 2 CO 2 +16HO. Alumina dissolves readily in solution 
of potash or soda, forming compounds in wliich it must play the 
part of an acid. The aluminate of potash is deposited, on evapo¬ 
rating a solution of alumina in potash, in white granular crystals, 
sweet to the taste, and having a strongly alkaline reaction: its 
formula is KO.Al^Og, according to M. Premy, Such comlllnations 
occur in nature : sjnnellj a very hard mineral crystallizing in octo- 
hedrons, being an aluminate of magnesia, Mg 0 .Al 203 ; and f/ahailCy 
an aluminate of zinc, ZnO.A^Og. 

Sulphide of aluminum is formed by burning the metal in the 
vapour of sulphur. It is a black semi-metallic mass, which is rapidly 
transformed, by contact with water, into alumina and hydrosulphuric 
acid. Hydrosulphate of ammonia has the same effect upon the solu¬ 
tion of a salt of alumina as ammonia has itself, neutralizing the acid 
of the salt, and throwing down alumina, while hydrosulphuric acid 
escapes. 

Chloride of aluminum; AI 2 CI 3 J 133.9 or 1673.75.—When 
alumina is dissolved in hydrochloric acid, it is to be supposed that 
water and a chloride of the metal are formed; 3HC1 and AI 2 O 3 = 
AI 2 CI 3 and 3HO. The solution, when concentrated by spontaneous 
evaporation in a very dry atmosphere, yields crystals, w^hich Bons- 
dorff found to contain 12 eq. of water. But it generally forms a 
saline mass, which deliquesces quickly in the air. When it is 
attempted to make this salt anhydrous by heat, the chlorine goes off 
in the form of hydrocliloric acid, and pure alumina is left. 

The anhydrous cldoride was discovered by Oersted, who made 
known a method of preparing it which has since had numerous 
applications. Pure alumina, free from potash, is intimately mixed 
with oil and lamp-black, made up into pellets, and strongly calcined 
in a crucible. The alumina is thus made anhydrous, without being 
otherwise altered. It is then introduced into a porcelain-tube, 
which is placed across a furnace and exposed to a red-heat. Chlorine- 
gas, carefully dried, is conducted over the materials in the tube, 
when, under the conjoint influence of carbon and chlorine, the alumina 
is decomposed; its oxygen is carried off by the carbon as carbonic 
oxide-gas, and chlorine unites with the aluminum itself. The chlo¬ 
ride of aluminum, being volatile, subUmes and condenses in the cool 
part of the porcelain-tube. A glass-tube, a little smaller than the 
porcelain-tube, should be introduced into this part of the latter. 
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which may afterwards be drawn out, containing the condensed 
chloride. The salt is partly in the state of long crystalline needlea, 
and partly in the form of a firm and solid mass, which is easily 
detached from the glass. 

Chloride of aluminum is of a pale greenish-yellow colour, and to 
a certain degree translucent. In air it fumes slightly, diffuses an 
odour o? hydrochloric acid, and runs into a liquid by the absorption 
of moisture. It is very soluble in water, but cannot again be reco¬ 
vered in the anhydrous condition. It is equally solu])le in alcohol. 
Chloride of aluminum combines with hydrosulphuric acid, phos- 
])hurctted hydrogen, and also with ammonia. 

The Jlnoride of aluminum can oidy be obtained by dissolving 
pure aluminum in hydrofluoric acid: it does not crystallize. This 
fluoride unites in two proportions with fluoride of potassium, for 
which it has a strong affinity. Both the compounds are gelatinous 
])recipitates, which become white and pulverulent after being w'ashed 
and dried. Berzelius assigned to them the formulte, SKF+Alglfs 
and 2 KF + Al^F^. Fluoride of aluminum exists in two crystalline 
minerals, one of which, on account of its transparency, hardness, and 
brilliancy, is reckoned among the precious stones ;— 

Topaz . . 3 (Al 203 -Si 03 ) + (Al 203 + Al 2 F 3 ) 

Pyknite . . 3 (Al 203 .Si 03 ) + AI 2 F 3 . 

The sulphocyamde of ahnnmum crystallizes in octohedrons, 
which arc persistent in air. 

SALTS OF ALUMINA. 

Rulphate of alumina; AI 2 O 3 . 8 SO 3 + I 8 HOj 171.4 + 162 or 
2142.5+2025.—Obtained by dissolving alumina in sulphuric acid. 
It crystallizes in thin flexible plates of a pearly lustre, has a sweet 
ai\d astringent taste, and is soluble in twice its weight of cold M^ater, 
but does not dissolve in alcohol. When heated, it fuses in its water 
of crystallization, swells up, and forms a light porous mass, which 
appears at first to be insoluble in water, but dissolves completely 
after a time. Heated to redness, it is entirely decomposed j the 
residue is pure alumina. This salt has been found, in the crystalline 
form, in the volcanic Island of Milo in the Archipelago. Sulphuric 
acid and alumina combine in several proportions, but this is con¬ 
sidered the neutrid sulphate, as it possesses the’ same number of 
equivalents of acid as it contains equivalents of oxygen , in tlie ba^. 
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Another sulphate of alumina (AI 2 O 3 . 3 SO 3 +Al^Og) was obtained 
by Maus by saturating sulphuric acid with alumina, which contains 
twice as much alumina as the neutral sulphate. After evaporation, 
this subsalt presents itself in a gummy mass, which dissolves in a 
small quantity of water, but is decomposed when the solution is 
diluted with a large quantity of water, or boiled; in that case the 
neutral salt remains in solution, and the following salt precipitates. 
ISubtrisulpliate of alumina, AI 2 O 3 . 3 SO 3 + ^AlgOg + 9110, precipitates, 
on adding ammonia to the sulphate of alumina, as a white insoluble 
powder. This subsalt forms the mineral aluminitey which is found 
near Newhaveii in England, and at Halle in Germany. 

Alum; sulphate of alumina and potash; IVO.SO 3 +AI 2 O 3 . 
3 SO 3 + 24HO; 258.4 + 216, or 3230 +2700.—Sulphate of alumina 
has a strong affinity for sulphate of potash, in consequence of whi(?h 
octohedral crystals of this double salt ])recipitate when a salt of 
potash is added to a strong solution of sulphate of alumina. Alum 
is a s<dt of which large quantities are consumed in dyeing. It is 
prepared by several processes, or derived from different sources. It 
may be prepared by decomposing clay with sulplmric acid j the de¬ 
composition is sometimes effcctcid by igniting pure clay, grinding it 
afterwards to powder, and mixing it with 0.45 of sulphuric acid, of 
1.45 density. This mixture is heated in a reverberatory furnace till 
the mass becomes very thick ; afterwards left to itself for at least a 
month, and then treated with water to wash out the sulphate of alu¬ 
mina formed. This salt forms, on cooling, a mass of interlaced crys¬ 
tals, being the sulphate of alumina already described, AI 2 O 3 . 3803 + 
18HO. Some clays and aluminous schists do not require to he 
heated before being treated with sulphuric acid. The addition of 
sulphate of potash converts the last salt into alum. 

The old modeof making alum is still largely practised in this country. 
A series of beds occur low in many of the coal measures, which contain 
much bisulphide of iron. One of these, known as alurn-slate, is u 
siliceous clay, containing a considerable porl ion of coaly matter, and of 
the metallic sulphide in a state of minute division. When this iniTicral 
is exposed to air and moisture, it soon exfoliates, from the formatit)u 
of sulphate of iron, the bisulphide of iron absorbing oxygen like; a 
pyrophorus. The excess of sulphuric acid formed attacks the oflu'r 
bases present, of which the most considerable is aluniinn. Alunu- 
nous schists often require to be moderately calcined oi- roasted before 
they undergo this change in tlie atinos[»herc. The mineral being 
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lixiviated, after a sufficient exposure, affords a solution of sulphate of 
alumina and protosulpliate of iron, from which the latter salt is first 
separated bj crystallization. The subsequent addition of sulphate of 
potash to the liquor causes the formation of alum; the chloride of 
potassium answers the same purpose, and has the advantage over the 
sulphate that it converts the remaining sulphates of iron into chlo¬ 
rides, T^hich are very soluble, and from which the alum is most easily 
separated by crystallization. A very pure alum is also obtained in 
the Roman states from alum-atotie^ which is simply heated till sul¬ 
phurous acid begins to escape from it, and the residue of this calci¬ 
nation treated with water. This mineral contains an insoluble sub¬ 
sulphate of alumina with sulphate of potash. The heating has the 
effect of separating the excess of alumina, so that a neutral sulphate 
of alumina is formed. Alum-stone appears to be continually pro¬ 
duced at the Solfatara, near Naples, and other volcanic districts, by 
the jdfnt action of sulphurous acid and oxygen upon trachyte, a vol¬ 
canic rock composed almost entirely of felspar. 

The solubility of crystallized alum, according to M. Poggiale, is as 
follows ;— 

100 parts of water at 32° (0° C.) dissolve 3.29 parts of alum. 

— at .50° (10° C.) — 9.52 — 

— at 80° (30° C.) — 22.00 — 

— at 140° (00° C.) — 31.00 — 

— at 158° (70° C.) — 90.00 — 

— at 212° (100° C.) — 357.00 — 

It crystallizes very readily in regular octohedrons, of which the 
apices are always more or less truncated, from the appearance of faces 
of the cube; their density is 1.7]. The taste of alum is sweet and 
astringent, and its action decidedly acid; it dissolves metals, with 
evolution of hydrogen, as readily as free sulphuric acid. The crystals 
effiorcsce slightly in air, and, Mdieii heated, melt in their water of crys¬ 
tallization, -which amounts to 45.5 per cent of their weight, or 24 
equivalents. The fused salt, in losing this water, becomes viscid, 
froths greatly, and forms a light porous mass, known as burnt alum. 
AVhen submitted to a graduated temperalnrc, alum loses 10 equiva- 
lent.s of water at 212°, and 9 cquivjilcnts more at 248° (120° C.) ; 
leaving alum combined with 5 eq. of water. This last substance can 
support a temperature of 320° (160° C.) without losing more wsder. 
At 356° (180° C.) it loses 4 equivalents of water; a salt then remains 
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wbicli parts with J eq. of water at 392° (200° C.), leaving alum 
in combination with i eq. of water (Hertwig). 

A pyrophorus is formed from an intimate mixture of 3 parts of 
alum and 1 of sugar, which are first evaporated to dryness together, 
and then introduced into a small stoneware-bottle, and this placed in 
a crucible and surrounded with sand. The whole is heated to red¬ 
ness till a blue fiume appears at the mouth of the bottle, {t^hioh is 
allowed to burn for a few minutes, and the mouth then closed hy a 
stopper of chalk. After cooling, the bottle is found to contain a 
black powder, which becomes red-hot when exposed to air, and 
catches fire also and burns with j)eculiar vivacity in oxygen-gas. 
This property appears to depend upon the highly divided state of 
sulphide of potassium, which is intermixed with charcoal and sul¬ 
phate of alumina. A pyrophorus can be produced from sulphate of 
potash alone, without the sulphate of aluiniiia j but it does uot so 
certainly succeed. ^ 

If the quantity of carbonate of soda necessary to neutralize a 
portion of alum he divided iuto three equal portions, and added iii a 
gradual manner to the aluminous solution, it will be found that the 
alumina at first precipitated is re-dissolved upon stirring, and tluit no 
permanent precipitate is produced till nearly two parts of alkaline 
carbonate are added. It is in the condition of this partially neutral¬ 
ized solution that alum is generally applied as a mordant to cloth. 
Animal charcoal readily withdraws the excess of alumina from this 
solution, and so does vegetable fibre, probably from a similar attrac¬ 
tion of surface. "When this solution is concentrated by evaporation, 
alum crystallizes from it, generally in the cubic«form, and the excess 
of alumina is precipitated. 

Basic alum is a granular crystalline compound, which precipitates 
when gelatinous alumina is boiled in a solution of alum. The for¬ 
mula of this salt is HO.SOg-pStAljO^.SOa)+ 9110; the alum- 
stone used in preparing the Boman alum has tlie same com¬ 
position. 

Sulphate of ammonia may be substituted for sulphate of potash in 
alum, giving rise to ammoniacal alunii 

NH4O.SO3 + AI2O3.3SO3. + 24 HO., 

which agrees very closely in properties with potash-alum. 

Sulphate of alumina also combines with sulphate of soda, forming 
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soda-alunij wliich crystallizes in the same form as common alum, 
and also contains 24110, the formula of soda-alum being, 

NaO.SOg + AI 2 O 3 . 8 SO 3 + 24HO. 

Crystals are obtained by minting the sulphates of soda and alumina, 
and leaving a concentrated solution to spontaneous evaporation; or 
by pouring spirits of wine upon the surface of such a solution con¬ 
tained in a bottle, which deposits crystals as the alcohol gradually 
diffuses through it. This salt effloresces in air as rapidly as 
sulphate of soda. It is very soluble in water, 10 parts of water at 
00° dissolving 11 parts of this salt. 

Sulphate of alumina also combines with the sulphate of protoxide 
of iron, when dissolved with that salt and a considerable admixture 
of sulphuric acid (Klauer). The double salt was found to contain 
1 eq. mL protosulphate of iron (EeO,S 03 ), 1 cq. of sulphate of 
alumina (Al^Og-SSOg), and 24 eq. of water (24IIO), which indi¬ 
cates a similarity in composition to alum, iiut it is deposited in long 
acicular crystals, which do not belong to the octohedral system, and 
has therefore no claim to be considered an alum. A similar salt 
with magnesia was obtained in the same w'ay. Another combination 
of the same class, containing the sulphate of manganese, forms a 
white fibrous mineral found in a cave upon Bushman’s river in South 
Africa. This native sulphate of alumina and manganese has been 
carefully examined by Dr. Apjoliu and by Sir 11. Kfine, and found to 
contain 25HO. It is probable that if the proportion of water in 
Klauer’s salts were accurately determined, it would be found to be 
the same. These salts may be represented as compounds of a mag¬ 
nesian sulphate, retaining its single equivalent of constitutional water, 
with sulj)hate of alumina; the manganese compound thus :— 

Mn0.S03.I10 + AI 2 O 3 . 3 SO 3 + 24IIO. 

Certain salts have been formed, isomorphous with alum, and strictly 
analogous in composition, in which the alumina is replaced by 
metallic oxides isomorphous with it, namely, by sesquioxide of iron,, 
sesquioxide of manganese, and sesquioxide of chromium. To these 
salts the generic term alum is ap])lied, and the species is distinguished 
by the name of the metallic sesquioxidt' it ex)n tains ; as iron-ulitm, 
mamjancHe-alum, and chrome-altnn. 

Alumina dissolves freely in most acids, but, like metallic peroxides 

2 ii 
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in general, it affords few crystalline salts, except double salts. The 
oxalate of potash and alumina is the only other of these that has been 
fully examined. It is remarkable for its composition, containing 3 
.,eq. of oxalate of potash to 1 eq. of oxalate of alumina, with 6 eq. of 
water. Its formula is, therefore, 

3(K0.C203) -f AI 2 O 3 . 3 C 2 O 3 + 6110. 

Like alum it is the type of a genus of double salts, niie corre¬ 
sponding oxidates, containing soda, crystallize with lOIlO.—(Phil. 
'J'rans. 1837, p. 54.) 

Nitrate of alumina is said to ciystallize with difficulty in prismatic 
crystals radiating from a centre. 

An insoluble phoaphate of alumina precipitates when phosphate 
of soda is added to a solution of alum By fusion it gives a glass, 
like porcelain: its composition is 2 AI. 2 O.J. 3 PO 5 (Berzeliuljll^ This 
salt, dissolved iu an acid and precipitated by ammonia in excess, 
gives a more highly basic phosphate, of which the formula is 
4 AI 2 O 3 . 3 PO 5 (Berzelius). The last phosphate of alumina occurs 
in nature, in combination \Yitli lluoridc of aluminum, in the form of 
radiating crystals, and is named wavellitey of which the formula is 
Al 2 P 3 + 3 ( 4 Al 203 .">P 05 )+36UO. A phosphate of alumina and 
lithia, containing the same subphosphate of alumina, forms the rare 
mineral amblyffoniie, and may be prepared artificially ; its formula 
is 2 Li 0 .P 05 +* 4 Al 203 .«P 05 . 


SILICATES OP ALUMINA. 

The varieties of clay are essentially silicates 0 / alumina, but com¬ 
posed as they are of the insoluble matter of various rocks destroyed 
by the action of water, it is not to be expected that they will bo uni¬ 
form in composition. Mitscherlich considers it probable that the, 
basis of clay is usually a subsilicate of alumina, of which the formula 
^ is 2 Al 203 . 3 Si 03 ; and which contains 57.42 parts of silicic acid and 
42.58 of alumina in 100 parts. But from the analysis of Mosander, 
the refractory clay of Stourbridge (a fire-clay) is a neutral silicate of 
alumina, Al 203 . 3 Si 03 . China-clay or kaolin^ which is prepared 
from decaying granite, being the result of the decomposition of the 
felspar and mica of that mineral, is not uniform in its composition. 
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The clay from a white bed of the Plastic Clay formation, which is 
worked for the purposes of pottery in the neighbourhood of Fanihain, 
gave Mr. Way the following results:— 


White clav dried at 212*^ contained 


11 100 parts— 


Insoluble in acids, 
o8.03. 


Soluble in acids, 
41.97. 


'Silicic acid . 


. 42.28 

Alumina 

• • 

. 11.45 

Oxide of iron 

• • 

. 3.53 

Lime . 

• • 

. 0.55 

.Magnesia 

• • 

. 0.22 

Silicic acid . 

m • 

. 18.73 

Alumina 

» • 

. 12.15 

Oxide of iron 

« • 

. 2.11 

Lime . 

• • 

. 0.27 

Magnesia 

» • 

. 0.29 

Potash 

• • 

. 0.86 

Soda . 


. 1.41 

[Water of Combination . 

. 6.15 

100.00 


Clay, and soils in general from the clay which they contain, 
possess a remarkable power of separating salts of ammonia and 
potash from their solutions, and retaining these bases, first observed 
with reference to ammonia by Mr. H. O. Thomson, and since ably. 
investigated by Professor Way. A light soil digested with a weak 
solution of caustic ammonia for two hours, withdrew 0.3438 per cent 
of its weight of that base, and 0.3478 per cent of ammonia from a 
solution of the hydrochlorate of ammonia, the latter salt being decom¬ 
posed, and chloride of calcium found in solution. The sulphate of 
ammonia was decomposed by the same soil and by the clay above 
described, in a similar manner, sulphate of lime appearing in solution. 
Hence, when putrid urine and other soluble manures are filtered 
through clay or soil, the ammonia is entirely retained, while the 
water drains away containing only earthy salts. This absorptive 
power of clay is not destroyed by boiling the clay with an acid, nor 
by drying it between 150° and 200°*; but the property is nearly 
lost in thoroughly burnt clay. The lime present in clay, which 
appears to be necessary to this action, is not entirely withdrawn by 
boiling with an acid, as will be observed in the preceding analysis of 
clay. Prom the hydrochlorate of ammonia 0.2010 per cent of 
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ammonia was withdrawn by the white clay, and 0.43GG per cent of 
potash, from the nitrate of potash, by the same clay. The only 
solutions of lime which came under the influence of this absorbing 
power of clay and soils were those of hydnite of lime, anti of carbonate 
of lime in carbonic acid water. Mr. Way does not propose any ra¬ 
tionale of this remarkable action of clay, but excludes the supposition 
of its being due to free alumina and silicic acid.* 

A subsilicate of alumina exists, forming a very hard crystallized 
miheral, disthene or njanite, of wliich the formula is 2 AI 2 O.,. Si O 3 . 

Double silicates of alumina and potash are extensively dillused 
in the mineral kingdom, forming a very considerable portion of the 
solid crust of the globe. The most usual of these double salts is 
the following. 

Potash-FeUpar, which is crystallized in oblitjue rhomboidal 
prisms, of density 2.5, is composed of single equivalents of tli^ neutral 
silicates of potash and alumina. Its formula is therefore analogous 
to that of anhydrous alum, silicon being substituted for sulphur; 
KO.SiOg 4 -Al 203 . 3 Si 03 . It is one of the three principal con¬ 
stituents of granite and gneiss. This species of felspar is named 
or those. Other varieties of felspar are alhite, or soda-felspar, con¬ 
taining silicate of soda, NaO.SiOg, in tlic place of silicate of potash ; 
lithia-felspar {jietaUte, triphfute), LiO.SiO^-f-Al 203 . 3 Si 03 ; and 
lime-felspar {fahradoritc, anorthiti^^ CaO.SiOy 4 -Al 203 .: 3 Si() 3 . 
The alkaline base of felspfus is often partially replaced by lime and 
magnesia, and the most generul formula for a felspar would be— 


KO 

NaO 

CaC) 

MgO, 


Si 03 4-Al203.3Si03. 


Amphigen or leiicite occurs i>rincipfilly in the lava of Vesuvius in 
a crystallized state. The relation between the potash and alumina is 
the same as in orthosc, but it contains one-third less silicic acid. Ilcnce 
tlic formula 3 K 0 . 2 Si 03 4 - 3 (Al 203 . 2 Si 03 ). A similar conibinatiou 
is obtained by precipitating a saturated solution of alumina in potash, 
by a solution of silicate of potash (llcrzelius.) 

, When a mixture of silicic acid and alumina is fused with an excess 
of potash, and the fused mass washed with water, to withdraw every¬ 
thing soluble, a powder remains in which (licjiotash and alumijia arc 


* Jiiurital of ttic lioyal AgricuUoral Sodcly of Kiiglmd, xi., HI It ISoU, 
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still in the ratio of single equivalents, but in which the oxygen of the 
silicic acid is equal to that of the bases. This double salt has conse¬ 
quently the formula, 3 K 0 .Si 03 -f- 3 Al 203 . 3 Si 03 . 

Analcimc is the soda silicate proportional to ampbigen. It is 
crystallized like amphigen, but contains 6 eq. of water. Its fwmula 
is 3 Nap. 2 Si 03 -i- 3 (Al 203 . 2 Si 03 ) # 6 HO. 

A thifd compound may be prepared, corresponding with the 
artificial potash-compound above. It occurs also in hexagonal prisms 
in the lava of Vesuvius, forming the mineral nephelin. 

Garnet is a double basic silicate of lime and alumina, of which 
the formula is 3 CaO 3 .SiO 3 -fAl 2 O 3 .SiO 3 . 

The silicates of lime and of alumina combine in many different 
proportions, forming a great variety of minerals. Most of them 
contain water, in consequence of which they froth when heated before 
the blow-pipe, and hence are called zeolites. One of these, named 
stilhite, from its shining lustre, corresponds in composition with 
felspar, but contains in addition 6 cq. of water : its formula is 

CaO.SiOg -f AlaOg.SSiOg+ 6 HO. 

A small portion of one or other of the alkalies is often found in these 
minerals, besides small quantities of protoxide of iron and other 
magnesian oxides, replacing, it may be presumed, the lime in part. 
This extensive class of minerals has been very fully studied by Dr. 
Thomson, who has added considerably to their number.* 


EARTHENWARE AND PORCELAIN. 

The silicate of alumina is the basis of all the varieties of pottery. 
Wlicn moistened with water, clay ])Ossesscs a high degree of plasticity, 
and can be extended into the thinnest plates, fashioned into form by 
the hand, by pressure in moulds, or, when dried to a certain point, 
be modelled 011 the turning lathe. It loses its water also in drying, 
without cracking, provided it is allowed to.contract equally in all 
directions, and acquires greater solidity. "When heated more strongly 
in the potter's kiln, in which it is not fused nor its particles agglu¬ 
tinated by jiartial fusion, it becomes a strong solid mass, which 
adheres to the tongue and absorbs water with avidity. To render 
it impermeable to that liquid, it is covered with a vitreous matter, 

* Oatliucs of Miucrology and Geology, vol. i. 
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which is fused at a high temperature, and forms an insoluble glaze 
or varnish upon its surface. But the interior mass of ordinary 
pottery has always an earthy fracture, and presents no visible trace of 
fusion. 

T\Tieu an addition is made to the clay, of some compound, which 
softens or fuses at the temperature at which the earthenware is fired, 
such as felspar in powder, then the clay is agglutinated by tbe fusible 
ingredient, and the mass is rendered semi-transparent, in the same 
manner as paper that has imbibed melted wax remains translucent 
after the latter has fixed. The accidental presence of lime, potash, 
protoxide of iron, or any similar base in the clay, may produce the 
same effect by forming a fusible silicate diffused through the clay in 
excess. Such is the constitution of porcelain, and of brown salt- 
glaze ware of which stoneware-bottles are made, which is indeed a 
sort of porcelain. When these kinds of ware are covered by a fusible 
material, similar to that which has entered into the composition of 
their body, and a second time fired, they acquire a vitreous coating. 
Their fracture is vitreous and not earthy, the broken surface does not 
adhere to the tongue, aucl the mass has much greater solidity and 
strength than the former kinds of earthenware. In combining the 
ingredients of porcelain, an excess of the fusible material is to be 
avoided, as it may cause the vessels to soften so much in the kiln as 
to lose their shape, or even to run down into a glass; while on the 
other hand if the vitrifiable constituent is in too small a proportion, 
the heat of the furnace may be inadequate to soften the mass, and to 
agglutinate it completely. 

Telspar mixed vi ith a little clay is used as the glaze for the cele¬ 
brated porcelain of Levies. Elsewhere a mixture of sulphate of lime, 
ground porcelain and flint, is sometimes used as a glaze. In paint¬ 
ing porcchiin, the same metallic oxidc^ arc employed as in staining 
glass. They arc combined with a vitrifiable material, generalIj made 
thin with oil of turj)cntine, and applied to the potti iy scnnetiuies 
under, and somcliracs above the glaze. To fuse the latter colours, 
the porcelain must be exposed a third time to heat, in the ciiaincl- 
fumace. 

Htoneware .—^The principal varieties of clay used here, according 
to Mr. Braude, are the following :—Marhj clay, which, witli 
silicic acid and alumina, contains a portion of carbonate of lime : it is 
much used in making pale bricks, and as a manure, and when 
highly heated enters into fusion. 2. is very plastic 
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and tenacious, and requires a higher temperature than the preceding 
for fusion: when burned it is of a cream-colour, and is used for 
tobacco-pipes and white pottery. 3. Potters clay is of a reddish or 
grey colour, and becomes red when heated; it fuses at a bright-red 
heat; mixed with sand it is manufactured into red bricks and tiles, 
and is also used for coarse pottery (Manual of Chemistry, p. 1131). 
Tlie gljfte is applied to articles of ordinary pottery after they are 
fired, and in the condition of biscuit ware. They are dipped into a 
mixture of about 60 parts of red lead, 10 of clay, and 20 of ground 
flint diffused in water to a creamy consistence, and when taken out 
enough adheres to the piece to give a uniform glazing when again 
heated. To cover the red colour which iron gives to the common 
clays when burnt, the body of the ware is sometimes coloured uni¬ 
formly of a dull green, by an admixture of oxide of chromium, or 
made black by oxides of manganese and iron; or oxide of tin is 
added to the materials of the glaze, to render it white and opaque. 
The patterns on ordinary earthenware are generally first printed upon 
tissue-paper, in an oily composition, from an engraved plate of cop¬ 
per, and afterwards transferred by applying the paper to the surface 
of the biscuit ware, to which the colour adheres. The paper is after¬ 
wards removed by a wet sponge. The fusion of the colouring mat¬ 
ters takes place with that of the glaze, which is subsequently applied, 
in the second firing. The prevailing colours of these patterns are 
blue from oxide of cobalt, green from oxide of chromium, and pink 
from that compound of oxide of tin, lime, and a small quantity of 
oxide of chromium, known as pink colour. 


SECTION II. 

GLUCINUM, YITRIUM, THORIUM, ZIRCONIUM. 

GLUCINUM. 

Eq. G.97 or 87.06 ; GL 


Syn. Jleryllium .—The compounds of this metal have a cousider- 
ablo analogy to those of aluminum. Glucinuin is obtained from its 
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cliloride, which is decomposed by potassium in the same manner as 
the chloride of aluminum. This metal is fusible with great difficulty, 
not oxidable by air or water at the usual temperature, but it takes 
fire, in oxygen, at a red-heat, and bums with a vivid light. It de¬ 
rives its name from yXvKvg, sweet, in allusion to the sweet taste of 
the salts of its oxide, glucina. 

Gliteina, Beryllia; GljOg is a comparatively rare earth,«but con¬ 
tained to the extent of per cent in the emerald and beryl, of 
which sijecimens that are not transparent and well crystallized can be 
procured in considerable quantity. To decompose this mineral, 
which is a silicate of glucina and alumina, it must be reduced to aii 
extremely fine powder, the grosser particles which fall first when the 
powder is suspended in water, being submitted again to pulveriza¬ 
tion, and the powder calcined with 3 times its weight of hydrate of 
potash. The calcined mass is moistened with water, and then treated 
with hydrochloric acid, added in small portions till it is in excess. 
The potash, alumina, and glucina, are thus converted into chlorides, 
and dissolved. The solution is evaporated to dryness on a water- 
bath, and the residue acidulated by a few drops of hydrochloric acid: 
the silicic acid remains undissolved. On adding afterwards carbo¬ 
nate of ammonia in considerable excess to the filtered liquid, tlie 
alumina is precipitated together with the lime and oxides of iron and 
chromium which are usually present, wliilc the glucina alone remains 
in solution. The liquor is filtered, and the carbonate of ammonia 
being then expelled from it by ebullition, carbonate of glucina preci¬ 
pitates. The earthy carbonate is ignited, and leaves glucina in the 
state of a white and light powder, tasteless, infusible by heat, insolu¬ 
ble in water and caustic ammonia, but soluble in caustic potash and 
soda. Its density is nearly 3. It is distinguished from alumina, 
which it greatly resembles, by ab.sorbiiig cai'bonic acid from the air, 
and readily forming a carbonate; and most remarkably by being solu¬ 
ble, when freshly precipitated, in a cold solution of carbonate of am¬ 
monia. It is capable of decomposing the salts of ammonia in a hot 
solution, and replaces that base, llic salts of glucina do not form an 
alum when treated with sulphate of potash j nor do they become blue, 
like the salts of alumina, when heated before the blow-pipe with nitrate 
of cobalt. 

Glucina combines with sulphuric acid in several proportions, form¬ 
ing a bisulphate, 2 GI 2 O 3 . 6 SO 3 , which is crystollizablc; a neutral 
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sulphate, Gl^Og-SSOg + l^HO, which forms fine crystals; a soluble 
subsalt, GlaOg.aSOs, and an insoluble subsalt, GI 2 O 3 .SO 3 . 

Emerald or heryl is a double silicate of gluclna and alumina, of 
the composition expressed by Gl 203 .Si 03 + Al 203 .Si 03 ; but contains 
besides, lime and some chromium and iron. This mineral crystal¬ 
lizes in six-sided prisms, M'hich are very hard. When coloured green 
by oxidb of chromium it forms the true emerald, and when colourless 
and transparent aqua tfiarina, udiicli are both ranked among the 
precious stones. The .density of the emerald.is 2.68 to 2.732. 

Euclane is also,a silicate of glucina and alumina. It is a very 
rare mineral, which crystallizes in limpid, greenish prisms. 

Chrysoberylf one of the finest of the gems, consists essentially of 
1 equivalent of glucina combined with 6 equivalents of alumina, 
GI2O3, 6AI2O3. 

It is very doubtful whether glucina is a sesquioxide, GI 2 O 3 , analo¬ 
gous in composition to alumina. It is indeed quite as probable that 
glucina is a protoxide, GIO, analogous to magnesia. The equivalent 
of glueinum would tlien be reduced to 4.64 on the hydrogen-scale, and 
58.04 on the oxygen-scale. 


mUIUM, EUBIUM, AND TERBIUM. 

32.20 or 402.5; Y. 

The earth yttria was discovered in 1794, by Gadolin, in a mineral 
from Ytterby in Sweden, which is now called gadolinite. It has 
since been found in several other minerals, but all of which are ex¬ 
ceedingly rare. The metal was isolated from its chloride by Wohler, 
precisely in the same manner as the two preceding metals. It is of 
a darker colour than these metals, and in oxidability resembles glu- 
cinnin. 

Yttria is considered a protoxide, YO. Its density is even greater 
than baryta, being 4.842. It is absolutely insoluble in the caustic 
alkalies, is precipitated by yellow prussiate of potash, and its sulphate 
and some others of its salts have an amethystine tint, properties 
which distinguish it from the preceding earths. The nitrate of 
yttria is colourless and crystallizablc. The chloride of yttrium is 
deliquescent, and does not appear to be volatile. 

In what lias hitherto been distinguished jw yttria two new bases 
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liave lately been discovered by M. Mosander^ which have been named 
erhia and terhia. Tliesc oxides are less soluble in dilute sulphuric acid 
than yttria, and arc thereby separated from that earth. IVom a solu¬ 
tion in nitric acid of the two new earths, oxide of erbium is j)rccipi- 
tated by saturating the liquid with sulphate of potash, in the form of 
a sparingly soluble double salt, while tlie oxide of terbium remains 
in solution. Each of these bases may then be precipitated ^iigly by 
means of potash. 

The sulphate and nitrate of terbia readily crystallize; tlui former 
salt is efflorescent. The salts of terbia are apt on dessiccqtion to 
assume a red amethystine tint. 

Erbia assumes a deep-yellow tint when made anhydrous, which 
appears to be due to oxidation, as the earth becomes colourless in a 
stream of hydrogen. The sulphate of erbia, which is crystallizable 
and colourless, does not effloresce in air, like the sulphate of terbia. 


THORIUM, OR THORINUM. 

Eq. 59.59 or 741.9; Tli. 

This clement was discovered by Berzelius, in 1824, in a black 
mineral, like obsidian, since called fhorile, from the coast of the 
North Sea. Tliis mineral contains 57 per cent of ihorina. This 
element has been named from the Scandinavian deity Thor. The 
metal was obtained from the chloride, and exliibited a general resem¬ 
blance to aluminum. Like yttrium, it burns in oxygen with a degree 
of brilhaiicy which is quite extraordinary; the resulting oxide does 
not exhibit the slightest trace of fusion. 

Thorina is considered a protoxide, ThO. Its density is 9.402, 
and therefore superior to that of all other earths. Thorina forms a 
hydrate, ThO.UO, w^iich is soluble in alkaline carbonates and in all 
the acids. It resembles yttria in being insoluble in tlie caustic alka¬ 
lies, but differs from that earth in the peculiar property of its sulphate, 
to be precipitated by ebullition, and to retUssolvc entirely, altlrough 
in a slow manner, in cold water. Its sulphate also forms a double 
salt with sulphate of potash, which dissolves in water, but is insolu¬ 
ble in a liquid saturated with sulphate of potash. The solutions of 
thorina are precipitated white by the ferrocyauide of potassium, a pro¬ 
perty by which thorina is distinguished from zircoiiia. Thorina is 
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also precipitated from solutions to wliicli an excess of acid has been 
added, on afterwards introducing sufficient ammonia, by which it is 
distinguished from magnesia. 


ZIRCONIUM. 

Eq. 33.62 or 420.2; Zr. 

Zirconium is obtained by heating the double fluoride of zirconium 
and potassium, with potassium, in a glass- or iion-tube. On throwing 
the cooled mass into water, the zirconiuin remains in the form of a 
black powder, very like charcoal. It contains an admixture of 
hydrate of zirconia, which may be withdrawn from it by digestion iii 
hydrochloric acid, at 1,04° (40° C.) The zirconium is afterwards 
washed with sal-ammoniac to remove complctcl}' chloride of zir¬ 
conium, and then with alcohol to withdraw the sal-ammoniac. If 
washed with pure water, it is apt to pass through the filter. After 
being thus treated, the pounder assumes, under the burnisher, the 
lustre of iron, and is compressed into scales which resemble graphite. 
W'^hen heated in air it takes fire below redness. It is very slightly 
attacked by either alkalies or acids, with the exception of hydrofluoric 
acid, which dissolves zirconium with evolution of hydrogen. 

The constitution of zirconia, is not certainly known, but it is 
believed to be analogous, to that of alumina, ZtgOg. It was first 
recognized as a peculiar earth by Klaproth in 1789, who discovered 
it in the zircon of Ceylon, a silicate of zirconia; which is also found 
in the sycnitic mountains of the south-east side of Norway. The 
hijneinih is the same mineral, of a red-colour; it is found in volcanic 
sand at Expailly in France, in Ceylon, and some other localities. The 
eartli is obtained from this mineral, which is more difficult of decom- 
])osi(ion than most others, by processes for which I must refer to 
Ferzelius.* 

Zirconia is a white earth, hke alumina in appearance, of density 
4.3. Its hydrate, after being boiled, is soluble W'ith difficulty in 
acids. AVhen heated, it parts with its water, afterw^ards glows 
sstrongly, from a discharge of heat, becomes denser, and less suscep. 
tiblc of being acted on by reagents. Zirconia forma a carbonate. 


* Trait6 Ae Cliimie, i\., 171. Uaris, 1810. 
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When once separated from its combinations, it is insoluble hi car¬ 
bonate of potash or soda, but dissolves in them in the nascent state. 
The salts of zirconia have a purely astringent taste. It agrees with 
thorina in being precipitated, when any of its neutral sdts are boiled 
with a solution of sulphate of potash. The chloride of zirconium is 
volatile, but less so than the cliloride of .silicium ; a property which 
has been taken advantage of by M. Wohler in preparing zircchiia. 
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Volume and Specific Gravity of 
Elements, 211. 
and Specific Gravity of 
Salts, 213. 

ami Specific Gravity of 
Oxides, 215. 
of Solid Bodies, 209,210. 
Weights, Relation between the, 
and Volumes of Bodies in tho 
Gaseous State, 142-148. 

Atoms, Specific Heat of, 135. 

Table of S}K*cific Heat of, 136. 
Azoto-sulphuric Acid, 412. 


B. 

Barilla, 662. 

Barium, 576. 

Binoxide of, 577. 


Barium, Clilorido of, 677. 

Class of Eleinonts, 169. 
Protoxide of, 575. 

Baryta, 675. 

Carbonate of, 677. 

Hydrate of, 576. 

Sulphate of, 578. 

Nitrate of, 678. 

Basyl Class of Compound Radicals, 186. 
Baitery, Bird’s, 287. «. 

Bunsen’s, 286. 

Daniell’s, 283. 

Grove’s, 269, 285. 

Basie Alum, 608. 

Berj’l, or Emerald, 617. 

Beiy Ilia, Olueina, 616. 

Beryllium, 015. 

Bibasie Phosphate of Water, 411. 

Salts, 193. 

Bibornto of Soda, 565. 

Bicarbonate of Potasli, 633. 

and Magnesia, 597. 
Soda, 652. 

Bicarburetted Hydrogen, of Faraday, 386. 

Preparation of, 
385. 

Bihydrosnlpliate of Pot ash, 528. 
Binoxide of Barium, 577. 

Hydrogen, 310. 

Manganese and Ilydiwlilorie 
Aeid, Preparation of Chlo¬ 
rine from, 458. 

Nitrogen, Compound of, with 
Chlorine, '179. 
Properties of, 311. 
Preparation of, 311. 
Sironliiim, 580. 

Bird’s Botterv and Decomposing 
287. 

Bistd-hyposulphuric Acul, 418. 

I Bisulpliatc of Soda, 662. 

I Bisulphide of Carbon, 425. 
i Hydrogen, 423. 

I Bittern, 542. 

Black’s Views on Fluidify, 43. 

Bleiuihing Powder, 591. 

Bodies, Compouml, 113. 

Relation betwretMi the Atoniii' 
Weights and tho V^ohma's of, 
in the Gaseous State, 142. 
Rollers, Construction of, 61, 62. 

Boiling Points, Table of, 52. 

Boric, 390. 

Boracic, or Boric Acid, 890. 

Borueitc, 600. 

Borate of Magnesia, 599. 

Borates, 391. 

Borax, 665. 

Boron, Cldorido of, 484. 

Fluoride of, 507. 
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■noroTi, its Preparation, Properties, 389. 

* — • • _r^u.-ii: 



Brewster on Liglxt, 32G. 

Brix, Experiments on Vaporization, 56, 
57. 

on the Latent Heat of Vapour of 
Water, 56. 

Bromic Acid, 490. 

Bromide rf Iodine, 502. 

Phosphorus, 491. 

Silicon, 491. 

Sulpliur, 490. 

Bromine, Preparation of, 488. 

I’roperties of, 489. 

Chloride of^ 490. 

Biid<! Lishi, Ourney’s, 384. 

Bunsen, (.’arbo-zinc Battery, 286. 

EudioTiU!t<MT», 381. 

Bmvtlc, IVserijhion of, 551. 

Bussy, Table of the Efficiency of different 
Cliai’coals, 361. 


C. 


Cnhiinm, 581, 593. 

Binoxide of, protosnlpliidc of. 
Phosphide of, Cliloride of, 
58‘t-H5. 

Eluoride of, 586. 

Hydrate of the Binoxide of, 584. 
Caloric, 1. 

Capillary Tubes, 15. 

Carbides, 362. 

Carbon and Hydrogen—Hydrides of 
Carbon, 374. 

and Nitrogen—Cyanogen, 387. 
and Sulphur, 425, 

Animal Block, 361. 

Anthracite, 3^. 

Bisidpliito of, 425. 

Bussy’s Toble of Eflieiency o: 

different Charcoals, 361. 
Charcoal, 369. 

Chlorides of, 481. 

Class, 174. 

Coke of Wood Charcoal, 360. 
Hininond, 367. 

Gas, 359. 

Graphite, 361. 

Ivory Bl^k, 360. 

Lomp-black, 359. 

Perclilovide of, 483. 
Protochlorido of, 483. 

Solid Sulphide of, 427. 

S^iecific Heat of Varieties of, 
139. 


Carbon, Subcbloride of, 483. 

Uses, 363, 

Wood Charcoal, 359. 

Carbonate of Baryta, 677. 

Lime, 587. 

Lithia, 574. 

Magnesia, 596. 

Potash, 532. 

Soda, 544. 

Preparation of, from 
the Sulpliate, 557. 
Strontia, 580. 

Carbonates, 368. 

I'able of, 213. 

Carbonic Acid, ComiiOHition of, 366. 

Preparation, 363, 
Properties, 364. 

Uses of, 308. 

Vapour, Tension of, 73. 
Oxide, Preparation, 369. 
Properties, 370. 

Carbuivts or Carbides, 362. 

Catalysis, or Decomposition by Contact, 
233. . 

Cavcndisli, Experiments on Hydrogen, 
311. 

Celsixis’s Thermometer, 18. 

Chalybeate Waters, 319. 

Charcoal, 368. 

Chemical Nomenclature, 117. 

and Notation, 108. 
Chlorate of Potash, 637. 

Chlorates, 474. 

Cldoric Acid, 473. 

Compo.sition of, 474. 
licsolutLon of, into Per¬ 
oxide of Clilorine and 
Hyperchloric Acid, 475. 
Cldoride of Aluminum, 604. 

Barium, 577. 

Boron, 484. 

Bromine, 490. 

Calcuun, 595. 

Carbon, 481. 

Iodine, 502. 

Lime, 591. 

Magnesium, 595. 

Nitrogen, 4^. 

Silicon, 484. 

Phosphorus, 487. 

Potassium, 528. 

Sodium, 542. 

Strontium, 580. 

Gdorides, 123, 463. 

Tables for Ist and 2ud class of, 
214, 215. 

Chloriinctij, 592. 

Chlorine, 114, 456. 

Action of, on Potash, 473. 
mid Binoxide of Nitrogen,479. 
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Clilorinc and Oxygon, Compound of, 
469. 

and Sulphur, 485. 

Class, ih. 

Peroxide of, 478. 

Pri'paration of, 456. 

Process for, from Hydrochloric 
Aoid and Binoxide of Man¬ 
ganese, 458. 

Process for, from CJiloride of 
Sodiiun (ComiTionSalt), Bin- 
oxide of Manganese, and 
Sulphuric Acid, 460. 
Properties of, 460. 

Uses, 462. 

Chloro-nitrio Acid, 479. 

Nitrous Acid, 480. 
Chloro-sulpliide of Phosphorus, 48*7. 
Chlorosulplnudc Acid, 410. 

Chlorous Acid, 477. 

Cldoroxtcarbonic Gas, 484. 

Chloroxide of Phosphorus, 487. 
Chromates and Tungstates, Tabic of, 214. 
Chrysoberyl, 617. 

ClasBification of Elements, 168. 

Claudet, Analysis of Black-Ash, 560. 
aay, 610, 614. 

Coal Gas, 378. 

Hoiury’s Analysis of, 380. 
Cohesion, 217. 

Combining Measiu’e, 145. 

Proportions, 121-132. 
Combustion, Heat from, 299. 

Heat of, 3()0. 
in Air, 301. 

Common Salt, 542. 

Compounds, Formation of, by Substitu¬ 
tion, 227. 

Formula! of, 118. 

Condensing Tube, 63. 

Contraction of Liquids from the Boiling 
Point, 7. 

Water, 9. 

Copper, Action of Nitric Acid upon, 341. 
Cordier, Inrestigation on Heat, 40. 
Crichton’s Tliermometer, 17. 

Ciyrophorus, Dr. Wollaston’s, 66. 
Cuprammonium, 203. 

Cyanide of Potassium, 530. 

Cyanides, Compounds of, 200. 

Cyanogen, 387. 


D. 

Dalton On tho Evaporation of Water, 91. 
Dalton’s Atomic Ihooiy, 133. 

Law of tho Dilatation of Onses, 

12 . 

Miscibility of Gases, 85. 


Dnniell’s Constant Battery, 283. 
Hygrometer, 95. 

Pyrometer, 20. 

Decomposition, 225. 

by Contact, 233. 
Decompositions, Secondary, 262. 
DclariTe and Maorcet, Haycnift, Dulong, 
A]>john, Suermann, Dclarocho, Bc- 
rard, on Specific Heat of Gases, 20. 
Dcuto-hydrnto of Phosphoric, < 141. 

Dew, Deposition of, 38. 

Well’s Experiments on, 39. 
Diamagnetic Bodies, 282. 

Diamond, 357. 

Diaphragm, Two Polar Liquids scy)aratod 
by a Porous, 263. 

Diffusion of Gases, 84. 

Dilatation of Solids by Heat, 3. 
Dimorphism, 176. 

Dissipation of Heat, 32. 

DistUlation, Natural Sequel to Vaporiza¬ 
tion, 62. 

Dolomite, 597. 

Double Salts, 197. 

Dutch Liquid, 386. 


E. 

Earthenware and Foreelain, 613. 
Electrolysis, 260- 

Elcments, Arrangement of, in Com¬ 
pounds, 184. 

Atomic V^olume and S|>c<;ifift 
Gravity of tlic, Table i., 
211 . 

Barium Class of, 169. 

Carbon Class of, 174. 

Clilorinc Class of, 171. 
Classification of, 168. 

Gold Class of, 173. 

Magnesian Class of, 168. 
Metallic, 510. 

Non-Metallic, 291. 

Phosphorus Class of, 172. 
Platinum Class of, 173. 
Potassium Class of, 170, 
Sulphur Class of, 168. 

Symbols of the, 118. 

Tin Class of, 173. 

Tungsten Class of, 174. 
Elementary Substances, Table of, 108- 
110 . 

Emerald, or Beryl, 617. 

Enamel, 871. 

Equivalents,Table of, 108-110, 

Erbia, 618. 

Krbiuni, 617. 

Kucblorine Gas, 472, 

'iuclasc, (»17. 
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liliuliornctprs for mcaanritig GIflses, 381. 
of llunserij 381. 

Evaporation, in vacuo, 64. 

Spontaneous, 90. 

Dalton and Regnault on the, 
of Water, 91. 

Exjmnsion and the Thermometer, 2. 
of Solids, 2. 
of Liquids, 6, 7. 

Experiments on 
the, by Dr.Hope, 
Hallstrom, 
Muncke, Rud- 
berg, Despretz, 
Sir C. Blagdcn, 
Gilpin, 10. 

Observations on 
the, by Pierre 
and Muncke, 7. 

of Oases, 12. 

Ex} 30 riment on tlie Radiation of Heat, 32. 

ExiK'rimcntB on Dew, 39. 

Gases, 72-74. 

Hydrogen, 311. 


V. 

Faraday on the Liquifac-tion of Gases, 71. 

on Polarized Light, 281. 
Fels)>ar, 612. 

t'errievanidc of Potassium, 630. 
Ferrocyanide of Potassium, 29. 

Flame,Siructurc of, 381. 

Fluidity, as an Effect of Heat, 41. 

Table of, 42. 

Black’s Views on, 43. 

Fluoboric Acid, 507. 

Fluoborido of Silicon, 508. 

Fluoride of Aluminum, 605. 

Boron, 607. 

Calciiun, 686. 

Fluorine, 603, 

Fluor-spar, 605, 686. 

Fluosilicic Acid, 608. 
h’omudtf, Antithetic or I’olar, 20-t. 

of Compounds, 118. 

Freezing Apparatus, 556. 
of Water, 66. 

Mixture, 556. 


G. 

Oalvaimmeter, 290. 

Garnet, 013. 

Gas-Batt,crv, Grove’s, 269. 

Oa.s of Oil,'386. 

Gases, Air and, arc imperfect Conductors, 
31. 


Gases, Dalton on Miscibility of, 85. 
Density of, 79, 80. 

Determination of the Specific Heat 
of, 26. 

Diffusion of, 84. 

Dilatation of, 12. 

Efiusion of, 78. 

Expansion of, 12. 

Faraday’s Experiments on, 71. 
Observations on the Diffusion 
of, 86. 

Passage of, through Membranes, 
89. 

Permanent, 68, 

Priestley on Diffusion of, 85. 
Table of the Specific Gravity of, 
and Vapoiu*, 149-155. 
Tlielorier’s Machine for the Lique¬ 
faction of Carbonic Acid, 69. 
Transpiration of, 82. 

Qerliardt, Formuhe of Salts, 201. 

Glass, 568. 

Analysis of, 569. 

Composition of Varieties of, 569. 
Devitrification of, 572. 

Bohemian, 570. 

Window, 569. 

Crown, 570. 

Crystal, 571. 

Flint, 571. 

Green or Bottle, 572. 

Glauber’s Salt, 555. 

Glucina, Bei^llia, 616. 

Glucinum, 615. 

Gold Class, 173. 

Grapliite, 358. 

Gunpowder, Comjmsilinn of, 536. 

Deflagration of, 536. 
Gumey’s Bude Light, 384. 

Gypsum, 589. 


H. 

IliiU, 330. 

Heat, Absorption or Reflection of Ra¬ 
diated, 34. 

Baclie’s Exjwriments on the Radia¬ 
tion of, 33. 

Capacity for, 25. 

of dillerent Bodies foi’, 24. 
Central, 4D. 

Certain Vibrations of, 29. 
Conduction of, 28. 

Dilatation of Solids by, 3. 
Distribiition of the Rays of, 106. 
Dupretz and Dulong’a Experi¬ 
ments on Latent, 58. 

Effect of, on Glass, 6, 

Effects of, 1. 
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Heal, Expansion aiultlic Tliermouiotor, 2 . 
Experiments of Molloni on the 
Tmisrnission of, 
35. 

on Latent, 67, 58. ' 

Fhiidity as an elfect of, 41, 

Lfttont, 44. 

Leslie on Radiation of, 32. 

Nature of, 99, 101. 

Radiation of, 31. 

Regnault’s Table of the Capacity of 
Bodies for, 25. 

Ruihford, Exix'rimeuts on the Ra¬ 
diation of, 33. 

Specific, 21'. 

Table of tlio Conduction of, by 
Building Matcriid.s, 29. 
Transmission of, 35. 

Radiant, throngli 
Media, and the 
JCrtects of 
Screeii.s, 34. 
Transparency of Bodies to, 30. 
Vibrations of, 29. 

Iledypliar, 590. 

Henry, on Coal Gas, 380. 

Hepar siilphuris, 528. 

Ilumboldite, .372. 

Hydracids, 408. 

Hydrate of Alumina, 602. 

the Binoxide of Caleiuin, 581. 
Hydrated Bisulphate of Potash, SSL 

Sesquisidpliate of Potash, 534. 
Hydrates of Silicic Acid, 394. 

Sulphuric Acid, 409. 
Hydraulic Mortar, 584. 

Hydride of Phosphorus (Liquid), 453. 
Hydrides of Carbon, 374. 

Hydriodio Acid, 497. 

Hydroboracite, 600 
Hydrobromic Acid, 489. 

Hydrochloric Acid and Binoxide of 
Manganese, Process 
for preparing Clilo- 
rine from, 454. 
Preparation of, 464. 
Process for, 465. 
ProjKirtics of, 466, 
Table of the Sjx'cific 
Gravity of, 467. 
Hydrocyanic Acid, 531. 

Hydrofluoric Acid, Preparation of, 504. 

Properties of, 505. 
Hydrofluosilicic Acid, 509. 

Hydrogen and Nitrogen, — Ammonia, 
353. 

Phosphorus, 451. 
Sulphur, 419. 
Bicarburetted, .384. 

Binoxide of, Preparation, 320. 


Hydrogen, Properties of, 321. 

Bi3id(dude of, 423. 
Cavendish’s Experiments on, 
311. 

Hommmg’s Apparatus fer, 
311. 

Reroxidc of, Preparation of, 
344. 

Preparation of, 305. 
Proiierties of, 3t)7. t' 

Protocarburetted, 375. 
Protoxide of, Water, 311. 
Ilydrosidphiudc Acid, 419. 

Preparation, 420. 
Properties, 421. 

Hygrometer, 92. 

Condenser (Regnoult’s),96. 
Danieirs, 95. 

Bdrerential, 93. 

Wet-Bulb, 93. 
Ilypercldoric Acid, 475. 
irypochlorito of LLino, 591. 

Hypoeliloric Acid, 17>S. 

Hypoelilorites, 472. 
llypochloroiLS Acid, 109. 

Formation of, I70. 
ir^’k'popliosphorou.s Acid, 431. 

Analysis of, 137. 
Hyposulphate of Magnesia, 5J>9. 
Hyposuljfiiitc of St i’ontia, 580. 
l]yj)Osnlpliurie Acid, Preparation of, 113. 

Proi>ei’ties of, Ml-. 

Hyposulphurous Acid, Preparal ion, 115. 

Propi'rties, Uses, 
416. 


I. 


Insolubility, Influence of, 227. 
lodato of Potash, 539. 
lodotoa, 500. 

Iodic Acid, 498. 

Iodide of Nitrogon, 501. 

PliosphoruM, ,502. 
Potassium, 529. 
Sulphur, 502. 
Iodides, 496. 

Iodine, Broinides of, 503. 
Chlorides of, 502. 
Compounds of, 497. 
Preijaration of, 491. 
Properties of, 491. 

LI scH of, 495. 

Ions, Transference of the, 265. 
[somerisin, 181. 

Isomorphism, 159-167. 
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K. 

Kol]*, 50^. 


L. 


Jill Cl it TToiit, 44. 

ji'sllo Kiulitilion of Heat, 32. 

jinicilc, or y\ini)lnffoii, 012. 

jicOiff’s C'ondcnsiiif» 'J'libo, 63. 

jijflil, IJrcw'sb.T (Sir I),) on Light, 105, 

. 320. 

Common, 103. 

Decomposition of, lO^t. 

Double Jlcfriurtion of, 103. 

Forbea on, 320. 

Giinicy’s llmlo, 384. 

M(?<'liimiciil DrojK'rties of, 102. 
Kdraefed, 102. 

Pohiri/ed, 103. 

(Faraday), 281. 

Lime, 581. 

and Alumina, Silicates of, G13. 
(./iirbonalc of, 587. 
llydralc of, 582. 

Jiypochloritc of, .MU. 
]lyposul]ibi1e of, ^sitrato of, 500. 
Sidts of, 5H7. 

Sidpbnte of, 580. 

Liijuids, Coidraction of, from tlielloiliiig 
Point (Piem* and A1 uuckc), 7. 
Kxpatisiou of, 5, 7. 

Vii|)omation of, 52. 

I.illua, 573. 

(’arboiiidc of, 571-. 

Hydrate of, 574. 

Sulpbato of, 571'. 

Lilbiuni, 573. 

Cldoride of, 574). 


M. 

Madder-stove, 98. 

IMiigncriia, 594. 

A lba, 59(5. 

liieiu’bonalo of Potash and, 
597. 

Porateof, 599. 

Carbonate of, 696. 
Hvposulphiitc of, 599. 

Nitrate of, 599. 

Phosphate of, and Ammonia, 
5!)9. 

SilieaU's of, 600. 

Sulpliateof, 597. 


Magnesian Class, 168. 

Magnesium, 594. 

Chloride of, 695. 

Magnetical Polarity, 235. 

Malleability, 511, 

Mariotte, Deviation from the Law of, on 
Gases, 76. 

Law of Compression of Gases, 
75. 

Mellon (Liebig), 388. 

Mercm'y, Oxichloride of, 117. 

Metallic Bases of tlio Eartli, 601. 
Klements, 510. 

Metals, .ilrrangement of, Metallic Ele¬ 
ments, 517. 

Combinations of, 614. 
Diamagnetic, 282. 

Found in Native Platinnm, 519. 
General Observations on, 510. 
Isomorphous with Phosphorus, 
518. 

of the Alkalies, 517. 

Alkaline Earths, 518. 
Earths Proper, 518. 
Oxidability of, 513. 

Physical Properties of, 611. 
Proper, liaving I.somorphous Re¬ 
lations witli the Magnesian 
Family, 518. 

Proper, of whieli the Oxides are 
reduced by Heat to the Me¬ 
tallic state, 519. 

Proper, of which the Protoxides 
are Isomorphous with Mag¬ 
nesia, 518. 

Pro! oxides of, 514. 

Table of the, 510. 

Fusibility of Diffe¬ 
rent, 512. 

Molamcric Bodies, 183. 

Metaphosphates, 442. 

Metaphosphoric Acid, 448. 

lilodidcationa of, 
418. 

Mici’oseosmic Salt, 5G3. 

Mitchell's Experiments on Diffusion of 
Gases, 90. 

I Monobasil* Salts, 193. 
Monosid-hvposulphuric Acid, 417. 

N. 

Nitrate of Alumina, 610, 

Bai’yta, 578. 

Lime, 590. 

Magnesia, 599. 

Potash, 535. 

Soda, 562. 

Strontia, 580. 
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Nitrates, Table of, 535. 

Nitre, 535. 

N itric Acid, Action of, ujwii Copper, 341. 
Battery (Grove’s), 285. 
Preparation of, 346. 

Process for, 3'L7. 

Projierties of, 341, 348. 
Uses, 352. 

Nitrogen, 124. 

and Hydrogen, Animonin, its 
Preparation, 353. 
Phosphorus, 454. 

Sulphur, 434. 

Binoxide of, 340. 

P-eparation of, 340. 
P'ojierties of, 341. 
Chloride of, 480. 

Iodide of, 501. 

Peroxideof, Preparation of,3 41. 
Preparation of, 322, 337. 
Properties of, 323. 

Protoxide of, Preparation of, 
337. 

Properties of, 339. 
Sulphide of, 424. 

Nitrosulphuric Acid, Preparation of, 411. 

Properties of, 412. 

Nitrous Acid, 343. 

Preparation of, 3^13. 
Non-Metallic Elements, 291. 

Nonnal Acid Pluid, 550. 

Notation atid Chemical Nomenclature, 
108-112. 

O. 

Oil Gas, 38G. 
of Vitriol, 405. 

Specific Gravity of the 
Vapour of, 157. 

Oxalic Acid, 372. 

Compo-sition of, 373. 

Oxide of Phosphorus, 43'J. 

Potassium, Salts of, 532. 
Oxides, Atomic Volume and Specific 
Gravity of, 215-216. 

Oxichlonc Acid, 475. 

Oxygen, 123. 

Acids, 186. 

Compounds of Chlorine and, 469. 
Preparation of, 291. 

Properties of, 296. 

Oxygenated "Water, 185. 

Ozone, 30-1. 

P, 

Pearl-ash, 633. 

Pcnta-fihlorido of PhosphoruB, 487. 
Pcuta-iodic Acid, 501. 


Peutathionic Acid, 418. 

Perchlorate of Potash, 539. 

Perchloric vicid, 475. 

Preparation of, 470. 
Perchlorido of Carbon, 483. 

Periodates, 501. 

I’eriodic Ac“id, 501. 

Peroxide of Clilorine, 478. 

Nitrogen, 344. 

Potassium, 527. * 

Phosphate of Alumina, (>10. 

Magnesia, 59i). 

and Anuuoiiin, 
699. 

Phosphates, 443. 

Analysis of the, 449. 

Uibasic, 4-44. 

Tribasic, 414. 

Phospliites, 437. 

Phosphoric Acid, Analysis of, 149. 

considered Tribasic, 
208. 

Dciito-hydrate of, Arid 
or Bibtisic Phospliato 
of Water, 441. 
Prt'pariition of, 138. 
Protohvdmte of, H2. 
Terhydnite, or 'J'ribasic 
Phosphate of Water, 
410. 

Pliosphorous Ackl, Analysis of, 437. 

Preparation of, -136. 
Properties of, 437. 

Phosphorus, 429. 

and Hydrogen, 451. 
Nitrogen, 451. 

Sulplnir, 451. 

Bnmiide of, 491. 

Cliloi'idc of, 487. 
Cliloro-sulpliide of, 187. 
CHiloroxido of, 487. 

Class, 172. 

Iodides of, 502. 

Tjiquid Hydride of, 453. 
Pontacliloride of, 4H7. 
Preparation of, 430. 
Properties of, 431. 

Oxide of, 433, 

Solid Hydride of, 451. 
Sulphides of, 451. 
Terchloride of, 487. 
PhoHphurctted Hydrogen-Gas, 451. 
Platinum Class, 173. 

Inflammation of Mixed Oxygon 
and Hydrogen by, 269. 

Polar Chains, 275. 

Formula*, 204. 

Liipiids, Sepanition of, 263. 
Polarity, Action of an Acid on Slctals in 
Contact, 239. 
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I’olarity, Atomic Rcprementation of a 
Double DccompoaitLou, 237. 
Choniicail, 235. 

llhial rations from Mugnetical, 
235. 

of Arraiigcinciii, 2'l!3. 

I’olavi/iCd Liglit, 103, 281. 

I’olyt bionic Series, -li?. 

Porcciliiiu and Eartkenware, 613. 

J’ola3b,%24. 

Action of Clilorine upon, 473. 
llicarbonuto of, 633. 
lliliydrosulpbate of, 528. 
Carbonate of, 532. 

Chlorate of, 537. 

\ Double Carbonate of, 551. 
Felspar, 612. 

Hydrate of, 524. 

Hydrated lUsiiljdiatc of, 534. 

Sesquisul}>liute of, 534. 
Hydriodiite of, 529. 
lodatc of, 539. 
licy, 525. 

Nitrate of, 535. 

I’crchlorate of, 638. 

Ked I’russiate of, 530. 

Sulphate of, 634. 

Yellow Frussiutc of, 529. 
Potashes, 533. 

I’otassa, 524. 

Potassium, Chloride of, 528. 

Class, 170. 

Cloiupounds of, 524. 

Cyanide of, 530. 
li'erricyanide of, 530. 
Ferroeyani«lc of, 529. 

Iodide of, 52S. 

Pentasulpbide of, 528. 
Peroxide of, 527. 
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Preparation of, 393, 

Properties of, 393. 

Silicate of Soda and Liiiic, 569. 
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Alctajtliosjdiate of, 411, 501. 

N it rat of, 5t)2. 

Plu)S)iliiitcs (jf, .502-.503. 
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Pliospliorus, lot. 

Potassium, 527. 

Sulpliilc of Soda, 55 1. 
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Cases, 27. 

Table of the Railiatiiig Power of Heat, 33. 
'J'able of Atomic Volume ami Speeilie 
(I ravit V of Eleiiioiits, Salts, and Oxides, 
211, 213, 21.5. 
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Table of Boiling Point of, 52. 
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